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PREFACE TO THE ENGLISH EDITION. 


XN i)repariTig for the Eiiglish-rea<liiig student this version of 
M. Metchiiikoff’s latest work, wherein he ‘‘ sums u}) the labours 
of twenty -live years, it has been niy aim to give a faithful renderh\g 
of the ideas and argument of the original, even at tlie risk of an 
occasional crude exjiression, rather than to attempt to reproduce 
the brilliancy of the original by any wide verbal dejjarture from 
the text. 

Tlie Table of Contents forms an admirable analytical summary of 
the main subject-matters treated, but an alphabetical Index lias been 
added to the present edition, and, though not at all exhaustive, this 
may serve as a key to the many autliors cited and to the maze of 
detail discussed in the work. 

The marginal reference to the pages of the original work will, 
I hope, commend itself to those rea<lers who may wish to refer to 
tlie ipsisshna verba of the author. It is, I believe, a novelty in 
scientific works, though familiar in w^orks in other departments of 
literature* 

I am under deei) obligations to Professor ^V^oodhead (who has 
read the whole of the proofs) and to Mr A. J’]. Shipley, and 
Mr G. IT. F. Nuttall (who have read portions) for much valuable 
criticism and advice* 


THE TRANSr.ATOii. 


August j 1905. 




TO MESSIEURS E. DUCLAUX AND li ROUX. 


My dear l^h'iends, 

Permit me to dedicate to yoa this worJc, rrttieh sinns itp 
the laliours of twenty-five years ; a very great inert of it has been 
carried out by yonr side, you who have done so muck to lighfen 
my taslc. 

When, nearly fourteen years ago, you alloimd me to share your 
work alongside the venerated Master who founded the Hoiise where 
V)e hare Udyoure.d together, you were anyfiiing but xuirtisans of 
my theories; they seemed to you too vitalistle, and not sufiiciemtly 
physieo chemical. In course of time you became convinced that 
my ideas were not without foundatum, and since then you have 
given me warm enco^iragement to purs^te my researches in the 
field that I had mavlced out for 'myself 

Working by your side and drawing largely from your vast 
and varied stores of knowledge, / felt myself safe from those diva- 
gations into whieJi a zoologist, who had uxxndered into the domain 
of biological chemistry and of medical science, is likely to stray. 
I thank you with all my heart, and I beg you to accept the homage 
of this work as a testimony of my deepest gratitude and of my 
warmest friendship. 

itLIE METCHJSriKOFF. 


Tnstitut 

3 October, 1901 . 




PREFACE. 


W HEN*, ten years ago, T was prex)aring my Lessons on the Compa- 
rative Pathology of Injlemimation for the press, I hoped that 
the other sections of the phagocytic theory — Immunity, Atropliies, 
arid Healing — would soon follow tliis tirst work. This hope lias not 
been realised, and it has needed i^rolongcd Avork ere I could pidilish 
the volume I hfive just coiiipleted. 

I)uring this long ]>eriod 1 sent out several ballons fJ'essai uudei* 
the form of summaries of the question of Immunity, j)nblished in the 
jSe^naine m^dieale (180i>), the Ergebnisse of Lubarsch and Ostertag 
(1880), and the Ilandbneh dcr Hygiene by Weyl (1897). I there 
attempted, as far as possible, to give a general picture of the 
idienomena of Jinmunity in the infective diseases, and it was my 
d<?sire to excite^, cu*ittcism and opposition, in order to determine the 
fate of the theory of j>hagocytes in its application to the ijroblem of 
Imnmnity. 

The most reccuit attempt in this direction Avas made at the Inter- 
national Congress at Paris, in the past year (1900), Avhen I presented 
my report on Immunity before an audience which included, amongst 
others, niy principal opponents. It Avas the result of this Congress 
Avhich at length decided me to bring together my vicAvs on Immunity 
in a volume Avhich I now ])rescnt to the reader. 

CoiiAunced that many of the objections raised against the phago- 
cytic theory of Immunit.y proceeded solely from an insidlicicnt 
knowledge of the tlieory, 1 thought tliat a work condensed into one 
volume might render some service to those Avho are interested in 
the ju'oblem of Immunity. I do not knoAv AvJiether I shall coriAa^rt iny 
opponents, but 1 am coiiAa'iiccd tliat a perusal of this book Avill clear 
aAA'ay certain misunderstaiidings. A very competent observer recently 
confessed in one of his publications that for many years lie had 
been unaware of the experiments of JM. J. fIor<let and myself on 
luimiinity against the cholera vibrio, experiments Avhich he noAV' 



X 


Preface 


rcfj;anU as of fuT»lameiital importance for tlie coraprcliension of the 
wliolc (piestion of Immunity. I hope that after the appearance of 
this treatise such oversights will not be so likely to occur. 

Sliould I not succeed in convincing my opponents of the justice 
of the cfiuse wliicli 1 defend, I shall at least have informed my critics 
and shall have given them an oi)portunity of discussing it with a 
thorough knowledge of the material on winch it is based. This 
result alone Avould justify me in liaAung undertaken this work. 

At first I intended to add to my explanation of Irninuiiity a 
tlieory of the phcnomoua of healing in infective diseases, but I soon 
had to renounce tliis project, for its execution Avould have increased 
too greatly the bulk of the book Avliich, Avithout it, has already assumed 
cousi<lcrabTe pro]>ortious. It seemed to me preferable to set forth 
tlie present state of the (luestion Avithout J)aying too much attention 
to the historical sequence of the discoveries, and to reserve for a 
special chapter, at the end of tlic Avork, a sketch of the history of our 
kllo^vledgc on Immunity. 

lleforo I ask the readei* to glance through this Avork, I should 
uientiou tliat I have been heartily seconded in its preparation by many 
of my friends and collal)orators. I o(fer my most sincere thanks to 
MINI, lloiix, Nocard, jMassart, and J. Bordet, Avho kindly undertook 
to read my iuanuscri[)t tliroiighout, or such parts of it as related to 
their special subjects. For example, M. Nocard rendered me a 
very great service by correcting the paragraphs of (Chapter XV, 
w'liich treat of the vaccinations against ej>izootic diseases, and 
M. ]\Iassart, by giving me his advice on tlie subject ot immunity 
in plants. 

I OAve very special thanks to M. Mesnil, Avho has been good 
enough to give me Acvy effective help in the dry task of correcting 
the rnauuseript and proofs. 

I beg MM. E. liciny and L. Barin^oud to accept my tlianks for the 
care they liaAo bestowed on tlie execution of the illustrations in this 
work. 


PaHTS, InSTITUT PASTKUn, 
3 October, 1901. 
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INTROJ)UCTTON [i] 

Importance of tlio stuJy of immunity from a general point of vi(*\v. — Part jilayed 
hy parasites in inrectivo diseases. — Intoxications ]»y tlic i)rodLicts of micro- 
organisms. — Kesistaiice of the organism to tlm invasion <jf micro-o)*gaiiisins. 
Natural imtminity and actpiired immunity. 

Immunity to mioro-organisniH and immunity to toxins. 

The ]>rol)leni of iTiiimuiity in relation to infective (liseai^es is one 
that not merely concerns e^cneral ])ath()lo,2:y but has a very important 
bearing on all branches of practical medicine, such as hygiene, surgery 
and tlio veterinary art. The prevention of tlisease by tlu' production 
of an acquired ininmnit}’ is daily assuming greater importance. AVith 
the object of arresting the multiplication and dissemination of 
morbific germs, we are seeking, by artificial means, to render imli- 
viduals, who may couie in contact with them, refractory to their 
pathogenic action. Patients who have Just undergone a surgical 
opemtion ami women in cliihl-bed are frecpiently in dangm* of 
acquiring a post-ojieration disiiasc or a puerperal affection ; we are, 
tlierefore, striving to protec-t them by conferring upon them an 
artificial inmninity. 

« Tlic innnunisation of animals useful to man is likewise a question 
of such groat importance to agricidture and to industry as to have 
noAV liecoine tlio object of legislation. 

This question of immunity is, however, apart from its j)ractical 
aspect, intimately eonnected Avith problems of pure tlicory. There 
can be no (piestion that the marked pessimism dcA'clopcul during 
the century just close<l was in a large measure prompted by 
the dread of disease and premature death, scourges against Avhicli 
humanity is as yet t>oweijess. It is recognised tliat Ilyron and 
Leopardi, the great ])oets of ])essiinism, both siifiered from con- 
genital anomaly and from incurable disease and that these maladies 
cast a gloom over their poetry. Schopenhauer, the founder of the 
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[2] pessimistic school in inodenj philosophy, was noted for his exag- 
gerated fear of <lisease. 

During the greater part of the nineteenth century oiir knowledge' 
as to immunity lias been liTiiited to certain practical methods, often 
efficacious it is trae, Imt jmrely empirical, such as those employed in 
immunising man against small-pox and certain domestic animals 
against shee|)-pox or pleuro-imeumonia. 

So long as the nature of the viruses was unknown no really 
scientific study of their action or of immunity from them could be 
made. The revelation of the organised nature of the infective viruses 
opened up the way for tiiese researches. This discovery, the out- 
come of the demonstration by Pasteur of the organised nature of 
the fcmients, has enabled us to establish the jiart played by living 
agents in a great number of infective diseases, and, linked with the 
names of Davaine, Obermeyer, and above all with that of Robert 
Koch, it has sery greatly adianced the study of susceptibility and of 
natural immunity in certain infections. 

A considerable forward step was made Avith the discovery, by 
Pasteur and his collaborators t'hamlieiland and Roux, that it was 
}wssible, in certain infective diseases, to confer immunity by means of 
micro-organisms which had had their virulence attenuated. Thanks 
to this discovery, science was now in a position to take u}) the 
thoi’ough study t»f ac(iuired immunit}'. The field of research was still 
furtlier enlarged by the deinonstrution of the immunising poAver of 
the culture-products of i>atliogenic micro-organisms and aboA'e all 
by the discovery that the blood of imnmnised animals is capable of 
conferring immunity upon susceptible animals. 

Before taking up in «letail the pn>blcni of immunity as it is 
revcided to us as a consetjuence of these discoveries, it is essential to' 
cast a glance at infective and allied diseases as aAvhole and to indiistte 
in Avhat light Ave look upon them in view of the present state of our 
knowledge. 

It has been definitel}’^ established that many infectiA'c diseases 
of man and animals are <lue to the invasion of small parasitic 
organisms, sometimes of animal nature (as in itch, trichinosis, malaria, 
Texas fever, nagana, or surra and the allied condition “dourine” in 
horses), sometimes belonging to the vegetable kingdom like the 
(Moulds (aspergillosis), the lly|)homycetes (actinomycosis, Madura foot 
[aj disease, bovine farcy) and the Yeasts (disease of the Dajihniac, some 
pseudomyxomas and septicaemias, pseudolupu-s). But by far the 
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greater number of infective diseases are due to tlie development in 
the organism of plants of the simjilest structure, Bacteria. These 
liacteria produce the gravest and most destructive infections, sucli 
as tuberculosis, bubo))ic plague, dii)htheria, cholera, anthrax, the 
pneumonias, suppuration, er3'sij>elas, tetanus, glanders, Icfirosy, &c. 
Among these bacte>ria some are too small to be resolved individuallj^ 
under the liighest magnifying i)Owers and can only be made out (u 
masf^c. Suoli is the micro-organisin of the contagious plenro-])ncniiionia 
of cattle. To this minuteness of certain pathogenic Bacteria is very 
probably <lue the fact that in a considerable number of infections, 
ainongst which are scarlatiiui, measles, rabies, syi)hilis, aphthous fever 
and small pox, it has been impossible, up to the to recognise 

any specific micro-organisms. 

It is probable tliat we shall succeed in discovering j)arasites, not 
only in the diseases i have just cited, whi(*h juvsent the characters of 
infective and virulent <lis(‘ases, but also in diseases of entirely diilereiit 
types. In spite of the failure of various attempts to demonstrate the 
]>arnsite of malignant tumours, it may be h()])ed lliat, Avith impi‘ovement 
in seientilie methods, such a parasite will be unequivocally demon- 
strated. In many otlier ( onditions whieli are at present considered 
as not <lependent on micro-organisms, an intimate eonnection Avith 
such organisms Avill j)robabIy be established. Hnch are the atrophic 
diseases and certain <liseases of nutrition in which the parasites, with- 
out playing a <lirect or immediate ro/(\ act by means of tlieir i)rodncts, 
or b}^ the eliangcs whicli they set up in the affecte<l organism. To 
give an idea of this jAossibility it Avill be ns(‘ful to cast a glance at the 
various naxlcs of action e)f tbe numerous oti()]ogical agents in infective 
diseases. The ])arasitcs which produce them l)aAc, as a eonmion 
Veatnre, tlicii* small dimensions ; they can oirly be recognised Avith 
]>recisinn by the emplojinoit of high powers of the microscope. 
They are liki^wise flistingnislied by a great vatiability, Avhicli is not 
astonisliing, since among infective agents are found on the one hand 
animals of higli structure (such as the Acari of itch) and on the otlier 
plants of tlie simplest character such a.s the Gonococci or the various 
Cocco-bacilli. 

11ie Aeari are capable of perforating the epidermis by the mcch- [ 4 ] 
anical action of their feet and mouth~i)arts. They excaA^ate channels 
in the skin and thus provoke the irritation so cliaracleristic of itch. 
The larvae of the 'I'l’iclnnae in like manner }>roduce maiked lesions by 
tlie lueie mechanical act of penetration and migration in the striped 
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fibre of muscular tissue. lu human trichinosis, however, the disease 
picture is more complicated than in itch and leads us to assume that 
there is some additional action of the excreta of the larvae in the 
production botli of the febrile state and of cta-tain general phenomena. 
In the nagana disease (transmitted by the Tsetse fiy) there is equal 
reason to admit the prei)onder{iting of the .mechanical action] of 
the flagellated parasite {Tri/pauosonm) which obstructs the vessels 
of the ner\'<ms centres. 

In tlie diseases which are set up by Fungi, such as ringworm and 
aspergillosis, the purely meclianieal element still appears to play the 
more imj)ortant ])art. Even certain of the bacterial infections mani- 
fest this same character. Thus, there is no doubt that in clu’onic 
tuberevdosis in the guinea-pig, Koch’s bacillus brings about a substi- 
tution of tul)erculous elements for tlic normal tissues, and this to 
such a degi'cc that, at the termination of the disease, tliei-e may 
remain merely traces of the liver and of (he lungs, and the animal 
(lies for want of these organs, whose normal action is no longer 
))ossible. In tlie tuberculous guinea-pig the phenomenon of intoxica- 
tion by the bacillary poisons plays but a secondary rohr, yet there 
are examples of tulH-rcnlosis (as in acute miliary tuberculosis in man 
or cxj>erimental tuberculosis in cattle, obtained by Kocard’s method 
of inoculation into the milk ducts), where the poisoning assumes 
much greattu- importance. 

Among the bacterial diseases of man, lepi'osy may be cited as one 
in which the intoxication is relegated to a. subsidiai’y position, yielding 
place to the mechanical substitution of the specific granuloma for the 
normal tissues. It is oidy in tlie acute leprous exacerbations that we 
perceive any signs of intoxication by the products of the leprosy 
bacillus. 

All the instances cited, how'ever, constitute but a feeble minority 
which is completely thrown into the shade in the presence of very 
numerous infections in which the to.vic element dominates the situation. 
Even in carbuncular diseases an exact analysis of their morbid jihe- 
nomena has compelled us to recognise the marked influence of the 
[5j poison produced by the liacterium. Tlie majority' of the micro- 
organisms act as jioisoners Avhich introduce themselves into the 
organism where they can secrete toxins capable of provoking general 
disorders of very diverse natures. Indeed in infective diseases a whole 
gamut of very remarkable variations is produced. Thus many' of the 
micro-organisms capable of setting up septicaemias must multiply 
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abundantly in tlie orgaui8m and be distrilnited in the blood, before 
they can produce a general morbid condition. The spij*illinn of 
dniinan recurrent fever is an example of this. It inultii)lie8 for some 
<layH and produces several generations without i)rovoking the least 
inahuse ; then, however, their aj)pearance in the blood suddenly 
])roduces intense fever and constitutional i)henoincna of the most 
pronounced character. 

On the other hand there are certain bacteria whicli are dis- 
tinguished l)y a very much feebler rei^roduetive power, but a more 
marked toxic activity. Incapable of spreading througli the oiganism^ 
these bacteria remain localised at the point of entrance, where they 
secrete tlicir poisons and thus frequently set up a fatal iiitoxieution. 
Borne of these l)ac*teria, such as the bacilli of tetanus and of tliphtheria, 
penetrate more or less deeply into the living tissues of the alfected 
animal. Others can manift*st their toxic action so to s{)eak at a 
4listai!(*c or by simjde contact with the living elements. Into this 
category comes the organism of Asiatic cholci*a. Koch s vibrio, once 
established in tlie intostimr, there secretes its poison; this, absorlied 
by the apparently intact intestinal nuu;ous membrane, sets u]> a fell 
disease, purely toxic in eliaraeter. It is prol)able that in tlie ease of 
those intestinal diseases whose etiology is still unknovv)), siieli as 
infantile choleras, the ])oisoning by the products of micro-oiganisms 
constitutes the essential plienomenon. T])c micro-organisms do not 
make tlu‘ir way into the blood or tissues ; they remain in tlic contents 
of the intestine and tlienee set uj) their dea<lly intoxication. 

Instances do exist in wliich the jiathogenic micro -organism disap- 
pears from tlie body, leaving there a toxin which, alone, is responsible 
for death. Thus in the spirillar septicaemia of geese, the birds die 
,at a stage when not a single living spiiillum can be found in the 
body. The poisoners have been destroyed before the toxin ])roduced 
by tl)em had eomj)leted its work. In other instances, e.g. typhoid fever 
of the horse, the sj)eeific micro organ ism likewise di8a])])ears before 
the death of the animal ; but at tlie period when the ])ois()n of this 
bacterinm finishes its fatal work, there is a secondary invasion of[G] 
other miero-oi’ganisnis M’hieh have nothing to do with the tyjilioid 
fever jiroper of tlie horse. 

This great variability in tlie action of the difterent ])atliogciuc 
agents is still furtlier increased through tlie differing relations lurtweeii 
tlie jiarasites and the afl’ectc<l organism. Certain micao-organisms 
are capable of producing a typicid disease, Avhatever may be the 
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mode and scat of invasion of the organism. But these are com[)ara- 
tively few in number. Tlie bacillus of tuberculosis belongs to this 
minority. Whether it enters subcutaneously, by the eye or by the 
respiratory, digestive or gen ito- urinary passages, it invariably pro- 
duces tubercular lesions more or less grave and more or less capable 
of generalisation. On the otlier Iiaiid, a very large number of micro- 
organisms only exert their pathogenic action when they invade the 
organism at definite points. The anthrax bacillus, wdion introduced 
through the slightest lesion of the skin or of the mucous membranes, 
produces in man, and in a large number of maimnals, a veiy grave 
and usually fatal disease; wlieii absorbcil in the vegetative state with 
food, it is almost always innocuous. Witli the cliolera vil)rio >ve 
have an exactly opi)osite condition of affairs. When inoculated, even 
in large numbers, below the skin in the human subject, it rapidly 
disappears, producing merely insignificant disturbances ; but when 
the same vibrio is introduced into the digestive canal it develops and 
produces Asiatic cholera, a disease so often terminating in death. 

All these variations and pccidiarities associated with the luiture of 
infective agents are of great imj>ortaiice from the point of view of 
immunity. 

J)o diseases come from without or do their causes arise within the 
organism ? is a pressing question, long discussed by patliologists. 
Those who have <liscovered most of the |)athogenic micro-organisms 
have ranged themselves on the side of the former liypothesis. For 
the majority of tliem the essential etiological factor in the causation 
of infective diseases consists in the invasion of the patient ]>y the 
pathogenic micro-orgaiiisiu from the outer world. TJiis tlicory is in 
perfect harmony Avitli many of the admitted facts of epidemiology, 
aeeording to which the viruses of the most deadly epidemic diseases^ 
sueli as Asiatic cholera, yellow fever, and bubonic plague, must l)o 
impoited into a country previously free from tlie disease before an 
epidemic can 1)0 developed. In anthrax and trichinosis it is recognised 
[ 7 ] that the parasites must come from without. Hence, in the study of 
pathogenic iniero-organisms one always follows the rule that it is 
essential to find the specific miero-organism in all cases of the disease 
in questit)u and to prove its absence in healthy individuals or in 
those w ho are affected w ith otlier diseases. Thus, KoclF, in his classical 
researches on Asiatic cholera, insisted on the fact that tlie cholera 
vibrio was always found in cases of this <iiscase but never in healthy 
^ Deutsche med. IVchnschr., Leipzig, 1SS4, ^8. 499, 519. 
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persons. Almost simultaneously Loeffler^, in the course of his work 
on the etiology of diphtlieria, demonstnited the presence of a specific 
* bacillus not only in a large number of cases of this disease but also in 
the throat of a Jiealthy chihl ; and this fVtct at first prevef14ed him 
from accepting tliis bacillus as the real cause of diplitheria. 

This view accex>ted by two such eminent bacteriologists cannot 
however be maintained. It is impossible to assume that eacli time 
that a |)athogenic micro-organism makes its way into a suscej>tible 
species its presence must inevitably be followed by tlie pioductiou of 
the specific disease. Although tlic <liscovery by lA)etller of the 
diphtheria bacillus in the throat of liealthy individuals has repeat- 
edly been confiianed, it is impossible to doul)t the etiological ro/e of 
this organism in di[)ht!ieria. AforeovcM*, it has been estal>lished that 
Koch’s vibrio, although umloubtedly the etiological factor in the 
production of Asiatic cholera, has ueverthcless been recognised in the 
<ligestive canal of perfectly liealthy persons. 

As soon as he is bom, man l>ecomes the habitat of a very lich 
microbial flora. The skin, the mucous membranes, and tlie gastro- 
intestinal contents become stocked with such a flora, but a very small 
number of these iiiicro-orgauisms have up to the j)reseut been recog- 
nised or described. The buccal cavity, the stomach, the intestines 
and the genital orgaiis oiler a feeding grouml for Ilacteria and 
inferior Kungi of various kinds. For long it was thought that in 
liealthy indiviiluals all tliese micro-organisms were inoflensive ami 
sometimes even useful. It was supposed that when an infective 
malady \vas set up a specific pathogenic miem-orgauism was added to 
the benign flora. Exact liacteriological researches liave, however, 
clearly demonstrated that as a matter of fact the varie<l vegetation in 
healtiiy ])ersons often includes represeutatives of noxious S])eeies of[8j 
bacteria. Besides the diphtheria bacillus and tin? cholera, vibrio, wliicli 
have reiicatedly been found in a virulent form in perfectly liealthy 
individuals, it lias been dciiionstrateil that certain ]>athogenic micro- 
organisms, c.g. the PneuiHOcoccns, staphylococci, streptococci and die 
IkicUlus eoli, are always, or almost constantly, fouml among the 
microbial flora- of liealthy persons. 

This observation has necessarily led to the conchision tliat in 
addition to the micro-organism there exists a secondary cause of 
infective diseases — a preilisposition, or aViseiice of immunity. An in- 
dividual in whom one of the above-mentioned patliogenic species is 
* MUth. aus d, K, Gesiuidhtutsamte, Berlin, 1884, B»l. ii. ^S. 421. 
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pi*esent, manifests a permanent or transitory refractory state as re^^ards 
tills sjiecifie organism. As soon however as tlie cause of this imnmnity 
ceases to act, tlie micro-organism gets the upper hand and sets up the 
specific disease. It is thus in diabetic jiersons that boils make their ap- 
pearance as the result of the development of Staphylocoeem pyoyenes, 
a micro-organism that is almost always found in abundance on the 
skin and mucous memliranes of the human subject. The diabetes is, 
in tliese castes, the cause of the suspension of the immunit}" which 
exists in the healthy individual. 

IVople who carry tiie Pneimiococcm on their mucous membranes 
may remain for long without being attacked by fibrinous pneumonia 
or any of the other maladies <lue to this micro-organism. Rut often, 
in consequence of some special circumstance, a cold for example, the 
refractory state gives way to a more or less marked susceptiliility. 

It is unnecessary to multiply tlie number of such examples; tliey 
demonstrate in the clearest fashion that, in addition to the causes 
of disease wliich come from the outer world and which are represented 
by the micro-organisms, there are yet other causes which lie within 
the organism itself. When these internal factors are powerless to 
prevent the development of the morbific germs, a disease is set up ; 
when, on the other hand, they resist the invasion of the micro- 
organisms proiicrly, the organism is in a refractory condition and 
exhibits inununity. 

Diseases in general and infective <liseases in particular Avere 
devclo])ed on the earth at a very remote epoch. Far from being 
peculiar to man, animals and the liigher jilants, tliey attack inferior 
forms and are widely ilistributed among unicellular organisms, In- 
fo] fusoria and Algae. Diseases umloubteilJy play an imiiortant role in 
the history of life on our planet, and it is very proliable that they 
have contributed in a marked degree to the extinction of cei tain 
s|)ecies. When we observe the ravages jiroduced by parasitic Fungi 
among the young fish wliicli we are trying to rear, or the destnietion 
of crayfish in certain countries in consequence of the rapid increase 
of epizootic germs, we are invoIiiiiUirily led to the conclusion that 
pathogenic micro organisms must have brought about the disappear- 
ance of certain aninud and vegetable species. 

Darwin \ in the chapter on the extinction of species in his book 
On the Oriyhi of Species^ states upon the authority of several 
observers that insects so annoy ele|)hants that these large mammals 
^ “ On tlie Origin of Species,” Oth ed., London, 1872, Chapter xi, p. 277. 
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become incapal)le of reproducing themselves in sufficient numbers. 
Now it is proved that many Insects inoculate pathogernc micro- 
organisms and thus transmit destructive diseases. A most for- 
midable epizootic disease, provoked by a ilagellated Infusorium, the 
Trypanomma hniceiy is inoculated into large mammals in South 
Africa by a fly, the l^setse fly; in certain districts this <lisease is so 
wi<lespread and so destructive that the rearing of domestic animals 
1 >ec on 1 c*s i n i poss i bl e. 

Parasites strike then with great intensity, bringing about the 
destruction of numerous human beings, animals and plants. Never- 
theless, in sj)itc of tlie disappearance of a large iiumber of s[)eeies, 
the worhl continues Avell pojiulated. 'fhis fact proves that, by the 
special means at the disposal of tlie organism, without any aid of the 
inedical art or special Iniman intervention, many living species liave 
held tlieir own tliroiighout the ages. Everybody has seen how dogs 
lick their wounds, moistening them with a saliva full of micro- 
organisms. Tliese wounds heal well and ([uiekly witliout dressings 
or aniise])ties. 

In all these cAumjdes the resistance of the organism depends 
on immunity, a condition very general in nature, 'fhis immunity 
against infective diseases is very coinj)lex and its thorough study 
coidd only be uiidortaken after we had ac-quired an extemled knowledge 
of these diseases, and after ade<|uate methods of research had been 
devised. 

liy immunity against infective diseases wc understand the rc- 
sistanee of the oiganisiii against the micro-organisms wliich cause 
these diseases. We liave here to do witli an organic pro]>erty of 
living b(*ings and not with tlie immunity which belongs to certain 
eountries or localities. For this reason information on the causes 
of the immnnity in Kiiropc and in mountainous regions from yellow 
fever will not be found in this book, nor why the majority of 
Europeans do not take recurrent fever. The inhabitants of f)ur 
continent do not ])Ossess organic immunity against either tlie virus 
of yellow fever oi* ( Ibenneyer’s spirillum of recurrent fever. Indeed 
they are very susee])tiblc to these diseases. It is solely the con- 
ditions of life, in the majority of Euro])can countries, that ]>revent 
the invasion by the specific germs and the creation of ejiidcmic 
foci. Hie same point of view ought also to be applied to animals. 
Our small laboratory rodents, mice and guinea-|)igs, are much more 
susceptible to anthrax, whetlicr inoculated beneath the skin or 



10 


Introduction 


in any other part of the body, than are the larjs^e domestic mammals 
such as tlie ox and the liorse. And yet these latter are very 
liable to epizootic anthnix, whilst the rodents mentioned are sehlom, 
if ever, attacke<l by spc)ntaneous anthrax. This a]>parent immunity 
in no way depends on the existence of a true immunity of the 
or^^anism, l)ut solely on the conditions under 'which mice and guinea- 
pigs live. 

We sliall therefore in this volume treat only of the plienomcna of 
onjattic immunity in living beings, and the |»robleni, even restricted 
witlnn these limits, still appears sufllciently coni])lex. With tlkC 
object of rendering its study as easy as possible, it Mill l)e useful to 
commence by giving an account of the phenomena of immunity in tlio 
loMCst organisms. 

Immunity against infective diseases should be understood as the 
group of plienomcna in virtue of Miiich an organism is able to resist 
the attack of the micro-organisms that iiroduce these diseases. It 
is im])ossil)le, at present, to give a more i)recise definition, and 
useless to insist upon it. Some have thought it necessary to dis- 
tinguish between immunity pro]>erly so called, that is to say a 
liermanent refractory state, ami “resistance/' or a very transient 
property of o[iposing the invasion of certain infective micro-organisms. 
It is not possible to maintain this distinction, for in reality the limits 
between tliese two groufis of |)henoinena arc far from being constant. 

[11] Imnmnity may be inborn or acipiired. The former is always 
natural, tliat is to say, imle|>endent of the direct intervention of 
human art. Ac(|uire<l immunity is also often natural, from the fact 
that it is estiiblished as the result of the s])ontane()us cure of an 
infective disease. But in a great iiuinlier of cases ac(|uircd immunity 
may be the result of direct human intervention as in tlic juactice , 
of vaccination. 

For a long time all the ])hcnoniena of immunity against infective 
diseases Averc collectcil into a single griuip. Later, it was recogniscMl, 
as the result of the demonstrations summarised at the beginning of 
this clia])te]', that it is nece.ssary to distinguish sliarply lietMcen 
immunity against the pathogenic micro-organisms tliemselves and 
that against microbial poisons, lienee the idea of antimicrobial 
and antitoxic immunities. In the course of this Mork this essential 
distinction innst always be borne carefully in iniiuL 
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T^IMI'XITY IN UNlCELLlILAll 01iGAN18-MS 

Tiifoctivo diseases of iiiiieelhdar organisms. — Intracellular digestion in the lh*otozoa. — 
Aui<.>ebo-<liastase, Part ])hvved l»y digestion in the <lefenco of the !h’ol*)Zoa. 
against iufeetivo parasites. — I )efciu‘cs of the Pamniacria against micro-organisms. 
— Part placed by irritability in defence in the lower organisms. 

Jniinunity of nnieellular organisms to to.vins. — Accliniati.sation of Bacteria to toxic 
siibstances. -Pr<>tcctive secretion of membranes by Bacteria. 

Adaptation of the Pn»to/(»a. to saline solutions -of yea.st.s to p>oi.sons — of yeasts 
to milk-sugar. 

lrrital)ility of miicellular organisms and AVel)er-Feeh)ier'.s psycJio-] physical law. 

Tub immunity of unicellular origanisms against infective diseases and 
against toAio agents is as yet very imperfectly understood. Xever- 
theloss, it Avill be very useful for us to begin our study of the problem 
of iiumiiuity on these lower organisms, because of their greater 
general simfdicity. It may l)e afiirmctl that if the line of comj)arativo 
pathology had been followed in our study of the etiology of diseases 
of man and the higher animals, the parasitic nature of these infections 
wouhl have I)cH‘n established considerably earlier than was the case. 
Thus, at a period wlieii medical men and veterinary surgeons were 
content to record the ])i’e.sence of liacteria in tlie Idood of their 
[»aticnts, without attributing* to tlicm the .slightest ctiologi(*al rfi/r, 
botanists and zoologists had already jirovcd most definitely that 
many plants and lower animals were subject to epidemic diseases 
undord)tedly set up by the parasitism of various cAceedingly siin|)lc 
organisms. In the same year, that INdlender’ j)ublishcd his lirst 

observations on tlie bacterium found in the blood of animals ;dreetc<l 
I»y anthrax though he could not trace the slightest relation between 
the presence of this organism and the etiology of the disease, the 

^ V t'Ujschr. f. gerichtl. Med.y Berliji, 8. 102, 
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celebrated botanist Alexander Bniun’‘ issued his work on the genus 
[ J4] Vhytridm^ in which he demonstrated the fact that certain plants 
and flagellated Infusoria siifler from the invasion of a small mobile 
parasite which, attaching itself to their body-wall, absorbs the 
contents and so ilestioys its hosts, cansing a very great mortality 
among them. The cycle of development in tl]c Chytvidia, established 
by Braun, left no doubt as to the accuracy of his view and even 
renders it possible for us to interpret more accurately the earlier 
observations of 8tein, on the supposed evolution of certain Infusoria, 
hy showing that the changes observed in these organisms were in 
i*eality <lue to an invasion by Chytridui. 

Since these observations Avere made it has l)eeii (learly demon- 
strated that among the unicellular organisms, certain l^dagcllata and 
ciliate<l Infusoria arc subject to infective mahnlies the result of 
[)arasitism of the Chytridiaceae, a groiij) of the lower Fungi. Small, 
mobile, eolourlcss cells attach themselves to the surfice of the 
Protozoa, penetrate into their interior and absoi l) the greater part 
of their living content- Sometimes these j)arasites multiply in a Jiiost 
extraordinary fashion and destroy euonnoiis numbers of the Infusoria* 
Tims, NoAvakowski", Avho has given a Aory detailed descrii)ti()n of 
.Polyphagtis eifylena(% the (^hytridiuin of the common green fresh- 
Avater Eurfleua, records the disapjieaiunce of the Enylmae from 
his aquaria glasses : the ]>arasites “ Avei^o reproduced in such great 
abundance that ultimately they had completely replaced the Eaglenae!' 

The Flagellata, subject to infection by Chytridia^ are found almost 
exclusively amongst those genera {(}ryj)tomouai>, Chlamydom^^^^^ 
Haematocoems, Phaem, Volrox, etc.) Avhieh are nourislied after the 
fashion of vegetables, that is by the absoiqition of substances dissolved 
in the surrounding fluids. It is very remarkable that in the group of 
ciliated Infusoria this parasitism of the is observed almost 

solely in the encysted foi*ms, tl)at is to say, at a stage Avhen tlie 
animalcules, surrounded by their envelope, do not take any nourish - 
ineiit. The invasion by the (Jhytridki has been demonstrated in the 
case of the cysts of the Vorticellina, Oxytrichinina, Nassida, etc. ' 
These facts indicate that the absence of the digestion of solid 
aliments, such as occurs in almost all the ciliated Infusoria, con- 


1 “Ueber Cliytridium,” in Monaffiher. d. JJerliuer Akacl, ls,*55, June, No. 14. 

* Cohn’s ‘’Beitrage zur Biologic <ler Pflanzeii, ’ Breslau, 1870*, Bd. ir, S. 210. 

For the parasites of Infusoria, cf. Biitschli in Bronn’s “ Klassen und Orduungeu 
d. Thier-lloiehs,” Leipzig, 1885—1889, Bd. i, SS. 872, 182:1, 1944. 
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fttitutes a condition favourable to infection by the Chytridia. Whilst [i-d 
the growth of Volvocina, Eucflenae and their allies is almost always 
interfered with by very destructive parasitic epidemics, the ciliated 
Infusoria, capable of seizing and digesting lower organisms, may be 
cultivated and flourish for a very long period. Thus Balbiani' has 
watched one of his cultures of Fammaecmm mirilia multiply and 
thrive in sjilendid condition for 11 years in succession. Now these 
Infusoria readily adapt themselves to ordinary water untreated to 
render it more hygienic. Such water swarms with all sorts of lower 
organisms, among which arc tlie Chytridm and numerous Bacteria, but 
the Parmaavcm ami Infusoria in general fce<l U])()n these organisms 
and contribute largely to tlie purification of the water. Almost the 
whole bod 5 -contents in a ciliated Infusoiian is made up of a digestive 
l>roto|)lasm into uliich the captured Bacteria and other lower 
organisms are conveyed ; the nutrient particles becoming sur- 
rounded by transjMirent vacuoles, in which the ingested organisms 
are killed and digested. The food contained in the vacuoles circulates 
in the eud()])lasm of the Infusoria by means of the streaming 
movements of this layer. The digestive vacuoles become filled with 
a fluid having a distinctly acid reaction. Formerly, in order to 
(louionstrate this reaction, Infusoria were allowed to ingest small 
granules of blue litmus which after a certain time became more 
or Jess intensely red ; but the use of aniline colours has much 
simidified the stmly of digestion in microscopic organisms. By 
introducing a solution of alizarin sulj)ho-acid into a liijuid con- 
taining Infusoria, the yellow staining (characteristic of the acid 
reaction) of tlie digestive vacuoles can be readily made out. When 
the Infusoria ingest small clumps of alkaliiie substances, stained 
violet by this reagent, the vacuoles take on a red tint, indicating 
the acidity of their contents^ Another aniline colour, neutral red 
(Neutralroth), introduced into microscopical tcclnuque by Fhrlich\ 
enables us to demonstrate tlie acid reaction in the digestive vacuoles 
even M'ithiu a few minutes, Tlius, in Paramavria treated witli a dilute 
solution of this reagent, the digestive vacuoles at once assume tlio 
deep rose tint, cliaracteristic of an acid reaction. This coloration is 
observeil during the life of the Infusorian, but immediately after death [lo] 

^ Arch. <rariaf. mkrosc,, Taris, 1898, t. ii, [». 528. 

- Le Dantec, “ Rcchorches jsur la digoijtioii iiitraeolluJaire,” Lille, I SJH, p. 55. 

^ Elirlich u, Lazarus, “Dio Anilniio,’' in Aotlinager.s “Speriollo J'atliologie u. 
Llierapie/’ Wien, I8MS, Bd. vur, Thcil, )S. 85; also “rathclogy of tlie Jilood,” 
authorised English translation, Cauibriclge, 1900, p. 125. 
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tlic vacuoles become brownish and then completely lose their colour. 
This reaction, easily demonstrated, indicates that neutralisation of the 
acid of the vacuoles by the protoplasm and the surrounding water, 
both of which arc alkaline in reaction, has talvcu jdace. 

In a inedium distijictly acid the Infusoria digest their prey whicl), 
in a very great number of cases, consists of Bacteria. These mici'o- 
organisms are swallowed and carried into the digestive endoidasm 
in the living condition ; we have evidence of this in the active 
movements of a certain number of the bacteria ; at first they are 
found isolated in the interior of the vacuoles, but later they collect 
into more or less compact clumps. These masses of micro-organisms 
uudorgoing digestion, uhen treated witli neutral red assume a Acry 
deep rose tint, pieservifig their bacillary form to the end, that is to 
say u]) to the extrusion of the effete or Avaste material. Tlieie is, 
indeed, only very imperfect dissolution not only of the bacilli as a 
Avhole but also of their contents. Parama<vhi ])laeed amongst 
cholera vibrios SAvalloAV them greedily and in great numl)ers, 
digesting them as they Avould any other micro-oiganism. I Ijave 
never been aide to see any conversion of vil)rios inio grannies going 
on Avitliin tlie digestive A’acnoles. 

All the attempts that have been made in my laboratory b> extract 
a digestive fluid from Paramaeeia have failed entirely. A’^ery 
large quantities of these Infusoria, obtained by filtiution of rich 
cultures, and macerated l)y dilfereut metliods, haAc prove<l inactive 
even in the ease of those Bacteria Avliicli constitute their normal food. 

Intracellular digestion in the infusoria umpiestionably takes 
place as the I’csiilt of the action of some diastase ; but from tlie 
imj)Ossibility of observing the action in vitro the propia ties of this 
diastase, except that it can act in a distinctly acid medium, cannot be 
determined. 

Bven less is knoAvn concerning the digestion of llhizopods than 
concerning that of Infusoria. It has long been recognised that, 
in the majority of cases, Amoeba^ Afiinophry.^ and llhizopods in 
general, absorb a nourishment composed of loAver plants and 
animals, which arc taken into the protoplasmic body by means of 
the movements of amoeboid processes, pseudo]>odia or lobo])odia. 
[i7j Once Avithin the Khizopod the nutritive ])articles are surrounded 
by a digestive fluid, in Avliich the presence of acid may be recog- 
nised by means of colour reactions. The addition of a drop of 
l^hrlich's neutral-red to Amoebae in tlie act of digesting Bacteria 
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at once g^ives the acid colour reaction (Fig. 1 ). Ilhiniibler ' has described 
very precisely and witli much dcbiil the wiy in which 
the Amoebae l)ehave Avhen they are incorx)orating 
iilainents of OsciUaria very much longer than 
their own bodies. He has also described the 
digestion tliat these Algae undergo; a process 
most cliaracteristic in those cases where a portion 
only of the iilament has been taken into tlie 
interior of the Amoeba and there subjected to 
the digestive action. Whilst the free ])art of 
the Ch< illarui retains its normal j)roi)erties and 
a])pears of a bluisli green colour^ the ingested jiortion ]>rogressively 
cha*iges colour, assuming first a dcei) green tint, then becoming 
light yellow, orange yellow, brown and finally reddish brown. 
Simultaneously the cellidose wall of the AlgJi begins to soften, 
and the cells break up into minute fragments Aviucli are soon 
extruded. The food is seldom completely rligcsted and there is 
always an abundant residual material which is thrown out in the 
form of solid excreta. 


Fij::!:. 1. An Amoehn 
treatetl v.’ilh neutral- 
rod, i <7,-,. 


Although it is fully recognised that, in the Rliizojmds, digestion 
goes on in a medium distinctly but feel)ly acid, and that the 
intervention of some soluble ferment is essential, our ideas on lids 
sul)jc(;t were very vague until the publication of the I’csearches of 
Mouton^ carried out with great eaic in tlie Pasteur Institute, lii 
order that he might obtain exact i*esults IMoutou made use of 
(•ultures of Amoebae grown on agar, in a.sst>eiation with the Jhirillffs 
roll whicli served tliein as food. The bacilli were ingested in large 
numbers, beeaine enclose<l in vacuoles and were digested by a 
ferment which IMoutou was able to obtain la. rlfro. To that end 
he eolleeted large numbers of A moebae, and, after eeutrifugalising 
them in water, treated the deposit with glycerine. On adding alcohol ( is] 
lie obtained a jirccijutate leadily soluble in water. 

The fluid thus obtained exerted an undoubted digestive action 
u|)on albuminoid substances. It readily licpiefied gelatine and even 
attacked, thoiigh feebly, albumen coagulatcfl by heat : flakes of rd)rin 
heated to hlP C, remained unaltered. There was present then, in 
this fluid derived froni Amoebae, a proteolytic diastase of feeble 
activity. On tlie other hand, this extract contained neitljcr sucrasc, 


^ Arch./. Enlwichdnnqmiech., Leipzig, 18J)8, J3il. vii. 

2 Conipt. rcnch Acad, d, iSci., Paris, 1901, t. cxxxnr, p. 21'L 
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ca])fible of inverting aine sugar, nor lii)ase, capable of digesting fatty 
matters. 

Tlic amoebo-diastase of Mouton must be classified M'itli tlie 
trypsins. It is very active in a distinctly alkaline medium and 
continues the diastatic action even Mhen the medium becomes 
weakly aci<l (a feature that corresponds to the reaction observed 
in Amoebae treated with appropriate staining agents). Tlie amoebo- 
diastase is aftected at as low a temperature as b i C. and at 00 C. 
is rendei‘ed completely inactive. 

A ([uestion of especial importance is tliat concerning the action 
of the amoebo-diastasc upon Bacteria. The numerous experiments 
of Mo!itoii directed to tlie solution of this point, and made with 
living Bacillus coll eonimums^ gave negative results. If, however, 
these bacilli were previously killed by heat or liy chloroform, 
they were at once attacked by the soluble amoelio-ferment. (Jpa- 
Icscent emulsions of these <lead bacilli, incapable of undergoing self- 
digestion of any kind, became transparent after remaining for some 
time in contact w ith the extract of Auuxhae, The amoebo-diastase, 
then, undoulitedly digests dead bacilli in ri/rOy whereas in the body 
of the Amoebae the ingested bacteria are attac ked whilst still living. 
As a result of these observations it must be concluded that only a 
fractional jiart of the diastase is extracted in the solution ])re|>a!’ed 
by IMouton. 

This intracellular digestion in the Protozoa serves not merely for 
the nutrition of these organisms, but also as a prc»tcction against 
infective parasites. The protoplasm of the Infusoria, witli its vacuolar 
secretions, lias a general digestive action on eveiything that comes 
within its reach. If the internal structures, such as the nuclei and 
the pulsatile vacuoles, resist this j)roccss, it is undoubtedly because 
iliey possess a power of defending themselves against the attack of 
the digestive secretions. Tims, as brought out in the beautiful 
researches of Alaupas^, the macroiuicleus of the Paramaccia, is, at 
a certain stage in tlie life of tlie Infusorian, comi>]etely digested by 
the protoplasm just as is any other nutrient substance introduced 
from outside. It must bo admitted that in tins case the nucleus has 
ceased to prodiiee the [irotective substance which, under ordinary 
conditions, interferes with its being digested. * 

A struggle similar to that observed between tlie nucleus and the 
digestive content of the Protozoa goes on between tliesc latter 

^ Arch, do ZQol, ejcpor., Paris, iSSil, 2*“*^ scrie, t, vir, p. 440. 
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organisms and infective microbes. All organisms which, in any way 
whatever, i)enetrate into the body of an Infusorian or Rlnzopod, are 
bronglit into contact with the digestive endoplasm of tliese Protozoa. 

If tlic intruders are killed and partially digested l)y tlic digestive 
secretions, or are expelled as excrementitions matter, the Proto/oon 
remains uninjured and continues its normal and routine existence. 
Here, then, we liave an example of natural immunity, due to intra- 
cellular digestion. On the other hand, when the foreign parasitic 
organism resists this digestive action, it instals itself permanently in 
the bod>^ of the Protozoon, and should it reproduce itself in small 
numbers merely, excrete no poison and, in general, exercise no 
injurious intluence u[>on its host, the parasite may readily become 
a commensal. Thus, it is not rare to lind in the contents of Infusoria 
and Radiolaria small vegetal)le organisms of the genera Xooc^foreUa 
or Zooxanthella which not only set up no disease but, owing to their 
assimilation of carbonic acid, may even be useful to tlieir hosts. 
1'lu‘re arc cases, however, where the parasites act in a manner more 
or less injurious to the IVotozoa containing them ; in such cases 
a true and sometimes fatal infection results. 

Among the infective diseases of tlje Protozoa the one that has been 
most thoroughly studied is that set up by several representatives of 
a particidar genus of micro-orgtinisms discovered by Johannes Miiller 
in Rlad and made the subject of an investigation cai ricd out in my 
laboratory by Ilafkine\ I have already discussed these researches 
in my work on the comparative pathology of intlamniation* and need 
here reca}>itulatc only very brielly. Paminaeciit are sometimes alfected 
by needle-shaped or spirillar |)arasites which penetrate, sometimes 
into tlie macroimcleus, sometimes into the micrunueleus, lejUDdueiiig 
I politically, giving rise to a marked hypertiophy of the affected organs. 
The Infusorian, in spite of tins invasion, may continue to exist and 
carry on its reproductive processes : it is, thus, (‘nable<l in many cases !'20 
to recover from the disease. On the other liaiid tlie Ptinrfntrecufni 
into whose body the s])ores of the parasite are introduced treats 
them as it would any othei* ingested foreign body. Not being able to 
digest them, owing to the resistance otrere<l by the membrane of the 
spore, the Parajuacciitm expels them just as it woidd any other 

^ Ann, de P<utetn% Paris, 1S{K>, t iv, p. I4S. 

‘ Leyons sur la pathologic comparcc <lc Tin flam iiiation,’^ Pa ris, J sf>g p. 24; 

“ Lectures on the comparative pathology of inflammation,” authorised translation 
into English, London, 189fl, p. 20. 
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excrementitious matter. The Infusorian behaves in the same way in 
regard to bacterial endospores. 

Hay bacilli, which occur so commonly in the infusions in whicli ' 
the Pammaccia live, arc digested in the endoplasmic vacuoles of the 
latter, but the spores of these bacilli, after a more or less prolonged 
sojourn in the vacuoles, are expelled with the excrement. 

As by far the greater part of the body of a Protozoon is made up 
of digestive protoplasm, it is natural that infective epidemics should 
be very rare among these animalcules. The Infusoria and llliizopods, 
organisms specially well adapted to live u]>on the lower Algae and 
Bacteria, are, i)ractically, never subject to bacterial diseases. The 
infections observed in the Protozoa are due in most cases to the 
invasion of the lower Fungi, such as the CliytruUa, tlie IMicrospheres, 
the Saprolcffukie or the special organisms mentioneil as occurring in 
the nuclei of Paramacem. Further, these infections arc met with 
most frequently in Protozoa which arc incapable of carrying on true 
intracellular digestion or which are in the encysted stage, at which 
period the Infusoria, leading a passive existence, neither absorb nor 
digest uutriineiit. As an cx(!e|)tiou to the above general statement 
I ought to mention the epidemic in Amoehnr caused by the Miero- 
sphaera^ and the disease in Aettuophrys observed by Iv. Brandt^ and 
attributed to Fungi allied to the genus Pyfliinm. In these two 
instances we have to do Avith parasites Avhich live and dcvcloi) in the 
interior of the active protoplasm of these I’rotozoa. Certainly a 
proportion of the parasites are expelled with the excrementa ; but 
there remain others which instol themsehes in the protojdasm, 
multiply there and cause the death of their hosts. In these cases the 
digestive action of the protoi)lasm must be neutralised or jAaralysed 
by the secretions of the i)arasitc. Tliis aspect of the question,' 
however, has so far not been considci'cd. 

In addition to inti-accllular digestion and the expulsion of j»ara- 
sites by the excretory function, the resistance olfered by Protozoa to 
infective diseases shoidd, in part, be ascribed to their great irrita- 
[2l]bility. Anyone who will Match the manauvres of Aniorhac or of 
certain Infusoria in the miilst of a rich microscopic flora an<l fauna, 
will at once be struck by the preferences which these Pi-otozoa 
exhibit in the choice of their food. Amoebae are often seen 
making search for Diatoms only, disdaining all other Algae, or again 

^ “ Logons stir la patliot gie i-oinpavce tlo riiillainiautioii,” p. 2 1 ; liaglish cdilioii, p. ] 7. 

* Monatsher. d. IJerh Alcad. d. fVisseiigch., ISSl, p, 3SS. 
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they may single out one species of Palmellaceae from a very varied 
flora. The Infusoria also have their likes ami dislikes in the matter 
‘of food. Many of the ciliated Infusoria choose Bacteria to the ex- 
clusion of almost everything else ; othens, as Nasmla, have a special 
partiality for the Oscillariae, A most striking example of tliis 
is afforded in Awphileptiis claparedci, a voracious Ciliate, whicli 
chooses Vorticdlae to the exclusion of all other animalcules ; these 
it devours, and then becomes transformed into a evst upon the 
peduncle of the Vorticellae \i lias devoured. Tliis irritability clearly 
must control and guide the Protozoa in tlieir relations Avith other 
organisms and enable them to escape the invasion of [larasitcs. 

In this connection I must mention a very interesting oliservation 
made by Salomonseii^ and communicated to the Paris International 
Medical < 'ongress in 1000. Ho was able to demonstrate the fact that 
almost all tlie ciliated Infusoria, on becoming aAvare of the proximity 
of dead bodies of kindred organisms, rajiidly draw aAvay, thus 
manifesting a very marked negative clicmiotaxis. This property 
must, it is evident, protect them from any contamination by the 
parasites contained in tlie bodies of Infusoria that have succumbed 
to infective diseases. 

We have, thou, <iuite a number of facts which throw light on the 
natural immunity of the Protozoa against the action of pathogenic 
micro-organisms. Pp to the present, liOAvever, ive know nothing 
concerning the existence or the x>ossibility of an acrpiired immunity 
among the lower animalculae against infective diseases. AVe arc 
better informed as to the resistance of unicellular oiganisms to the 
action of soluble i)oisoiis, Avhich is, in general, much more easily 
studicrl than is immunity against the micro-organisms tiiemselves, 

• As a very large number of the higher animals are sensitive to the 
toxic action of poisons of bacterial origin, the (juestiou has been i)ut, 
‘‘May not tlie Infusoria also bp jioisoucd by these niicro-oigauismal 
XU’oducts?*^ With tlie object of answering this (piestion Oengou" 
lias studied the influence of the toxins of tetanus and diphtheria on [ 
the ciliated Infusoria. He Avas unable, liOAvever, to bring forward 
proof that these substances exert any sxiccial toxic action on tlie 
Paramaecia. These Infusoria Avithstand, jicrfectly well, doses of 

^ Compt. rend, chi Comjres internat. de Med. tenw a Parh eu 1900. Section do 
bactoriologie ct de parasitologie. 

2 ‘‘ Siir rinimiJiiitc iiaturelle des organisincs inouocelliilaircs contre los toxinca^ 
Ann, de Clnst, Pasteur ^ Paris, 1S9S, t. xii, p, 4G5. 
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enlturcs of the diplithcria and the tetanus bacillus grown in broth 
and depiived of the bacilli by filtration as large as those of ordinary 
broth alone in whicli no bacilli have been cultivated. Gengou 
argues from this that tlie P(irammcia possess a natural and absolute 
iniinunity against these two toxins. When we take into consideration 
the fact that these jioisons act but feebly at ordinary temperatures 
and are often innocuous to “ eohbbloo<led ’’ animals we may perhaps 
be tempted to attribute the immunity of the infusoria to the tem- 
perature that was maintained in the incubator wliilst Gengou’s 
experiments were being carried on. ijcd by this train of thought 
]\lino Metehnikoff tried the action of the blood scrmn of cels, wliich 
is very toxic, not only for warm-blooded Vertebrates Vuit also for cold- 
blooded Vertebrates and tlie In vertebrates, on the J^ar(tni(((ria,\u\i\ this 
at a low or medium teni])erature. I'lds eefs serum, liowever, exerted 
no grciiter toxic action tlian ilid the blood-serum of otlier animals. 

The microbial toxins are innocuous not only to tlie ciliated 
Infusoria but also to many other unicellular organisms. Tt is now 
well recognised that these toxins, exposed to the aii*, are soon 
inhabited by <]nite a rich flora of iniero-organisms, amongst winch 
Bacteria and Yeasts predominate. I have been able to proven ^ that 
these organisms are not i>nly nnalfected in their normal life by the 
presence of the toxins of diphtheria or tetanus but that tluw ra|)idly 
bring about the more or less c()inj)lete destruction of these poisons. 
Gengou, also, ol)served that yeasts tlirive luxuriantly in these bacterial 
toxins. The rapid increase of micro-organisms and the dcstnietion 
of tlicse poisons take ]>laee at temjKU-atnres varying from 15" to :17 C. 

Wliilst the lower organisms are refractory to bacterial toxins 
which in quite small doses are capable of killing man ami the 
higlier animals, many micro organisms manifest a special sensitive-* 
ness to certain fluids of animal origin, lii a succeeding chapter 
we sliall treat at gieater length of this microbicidal property of 
tlie humours. Here it is merely necessary to indicate certain facts 
concerning this ja-operty, reganling them solely from the point of 
1 view of the iinmiiuity of the lower organisms. The most striking 
exami>le of the bactericidal power of an animal fluid is certaiul}^ 
that afforded in the action of the blood-serum of the rat on the 
anthrax bacillus. This fact, discovered in 1U88 by von Behring ’, led 

^ Ann, dv VInst, Pasft ur, 1S!)7, t. XT, p. 801. 

2 “Ueber die TTrsacho <ler Iminnnitat von Ratten gegen Milzbrand,” in the 
Vnnf ralhL f, /din. Med., Roiin, 1888, no. 38. 
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to the conclusion that the blood of the i*at coiitahis an organic base 
capable of killing and dissolving a considerable number of anthrax 
•bacilli. Several observers have confinned von Behring’s ol)scrvation 
and have supi)lcmented it by the fact that the bacillus can be readily 
accustomed to the toxic action of this serum. Thus Bawtchenko\ in 
an investigation carried out in my laboratory, was able, by successive 
cultures, to accustom the aiitlirax bacillus to an existence in the ]>ure 
serum of the rat. In this case, therefore, tlicre has been produced a 
real acquired immunity of a lower i)lant against a toxic substance of 
animal origin. More recently Danys/ has demonstrated the same thing 
and has added several other facts which seem to throw light upon the 
im^ans by wliich the bacterium becomes adapted to the poison. He 
has shown, in a work carried out in the Pasteur Institute^, that the 
anthrax bacillus inotects itself against the toxic action of the serum 
by surrounding itself with a thick sheath composed of a kind of 
mucus wdiich fixes the toxin of the rat’s blood ami renders it 
harmless. This same mucus, but in smaller (piantity, is likewise 
produced in a cidture of the bacillus grow n in ordinary broth. \V hen 
vsuch a cidture is freed from the contained bacilli by filtration through 
porcelain and a little of this fluid is added to the rat's serum, this 
latter becomes less bactericitlal than is a mixture of the same serum 
with ordinary broth. Danysz. suggests that this is to be explained 
by the presence in the filtrate of a certain quantity of the mucous 
substance [uoduced by the bacillus, Avhicli fixes and neutralises a 
portion of the ‘^rat toxin.'' if, in place of sowing the ordinary 
bacillus, sensitive to this toxin, we inoculate the liroth witli an 
anthrax bacillus which has iireviously been accustomed to the rat's 
serum, Ave find that the liejuid of this culture Avheu filtered neutralises 
•a larger proportion of the toxin. Danysz concludes from this that the 
acclimatised bacillus has aecjuircd the property of producing more 
mucus than does tlie ordinarv bacillus and that, for this reason, a 
greater quantity of this protective substance passes into the fluid of 
the culture. 

The formation of a ti\ansparent sheath has several times been [ 24 ] 
observed in the antlirax bacillus, notably in cases Avhere tliis organism 
happens to be in state of defence” against various noxious 
influences. For example, this sheath is aacII develoi^erl in the 
anthrax bacillus Avhieh iuA^ades the blood of lizards, animals Avhich 

1 Ann. de I'ltisK Pasteur^ Paris, J807, t. xr, p. 87*2. 

“ Ann. de VInst Pasteur, Paris, lyOO, t. xiv, p. 6U. 
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are in getiei^- V'^ i^istani^ Under ahalo^tts conditibna 

the sireptoobcei ^hich, as a rule, do not produce a mucous sheath, 
irill develop one of exceptional size. The guinea-pig is in general 
very resistant to the streptococcus against which it exhibits a very 
effective reaction. Sometime, however, this immunity gives way ; 
in Such instances, as demonstrated by J. Bordet*, the streptococcus, in 
order to overcome the natural resistance of the guinea-pig, is found 
to have surrounded itself With a sheath of a thickness such as is 
seldom to be met with in the world of bacteria (Fig. 2). 



Fig. 2. Streptococcus surrounded 
by a protective envelope. 

facts are also observed in cases where the micro- 
{psj organism is defending itself against the action of substances enclosed 
\m animal cells. I may cite as an example the tubercle bacillus in 
the interior of the giant cells of a gerbil {Merioms shawii), where, 
Innder the influence of noxious substances contained in these cells, the 
tubercle bacillus (Fig. .3) envelops itself in a transparent sheath 
af milnr to that of the bacillus or of the streptococcus. As the action 
of the giant cell still does not cease, the tubercle bacillus secretes 
a second sheath (Fig. 4) and continues to surround itself with 

1 Metchnifcoff, Virekow’s Archiv, 1884, Bd. xcvn, S. 610. 

* "Contribution K I’Stude da s^runi antistroptococcique,” Ann. de Flngt, JPatieur, 
i»ariv lia?, t.xvp. lU, Pl^ 


Fig. 8. Tubercle bacillus surrounded 
by a transparent envelope and en- 
closed in the giant ceil ot a gerbil* 

* 


. ' in^uni^ drgdmi^^: 

quite a senes of such i^Tdo|ies ^g. sjjVtltttef cUming te lea^bte' 
u'|M^D»ellaceotts Aiga suraounded by successive layers of tnembiauesl 
•dr ceiiaiu other vegetable cells yrhose principal means of defence 
agMust all kinds of injurious influences consists in the productipiir 
of these protective membranes. . 



Fig, 4. An other tubercle bacillufl Fig. 5. Tubercle bacillus surrounded 

surrounded by two membranes. by a series of concentric layers. 

Quite recently TrommsdorP, in Buchner^s laboratory in Muniebj 
has carried out a series of experiments on the adaptation of 
the cholera vibrio and of the typhoid bacillus to the bactericidal 
substance found in the blood of the rabbit. He has been able to 
confirm the results of his predecessors and by various experiments 
has convinced himself that these two micro-organisms are capable 
of adapting themselves to existence in the defibrinated blood and in [2C 
the blood-serum of the rabbit. 

The immunity, or acclimatisation of ii^urious organisms to different 
toxins, presents an undoubted analogy to the phenomena of adaptation 
shown by these organisms to mineral or organic poisons. It has long 
been known that the same species of Protozoa are met with in both . 
fresh and salt water and that it is possible to gradually accustom 
Infusoria and Amod)ae to tolerate an amount of sea salt which at first 
is absolutely fatal to them. This toleiu.tion is not acquired unless care 
be taken to increase the amount of salt very gradually : too abnipt a 
rise inevitably causing death. By this means Cohn* accustomed the 

1 Arch.f, Hyg,^ Munchen u. Leipzig, 1900, Bd. xxxix, 8. 31. 

Bntwiokeluugsgescbichte der mikroskopiBcheii Algen und Pilze/* 

Acad. GacKLeop. CaroL, 1854, t. xziv, p. 1. 
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fresh-water Enplotcs to a life in artificial sea water containing 4®/o of 
Bodium chloride. In Balbiani’s experiments* the fresh-water Monads 
(Menoullum imurvum and Chilomonas paraimieeium) died very- 
quickly on the addition of ^ % of this salt ; but Avhcu it w'as added in 
small successive doses (O'Oo per day), they readily became accustomed 
to a concentration of 1 In the encysted state the Protozoa arc even 
more resistant than in the active state to the different salts that may 
be addetl to their normal cidture medium. It is probable that the 
wall of the cyst interferes Avith the penetration of these substances 
into the endoplasm. If a small quantity of an aniline dye be added to 
a fluid containing encysted Infusoria, it is seen that the cyst-mernbrane 
becomes very intensely coloured but the body of the Infusorian 
remains unstained. The membrane absorbs a large amount of 
colouring matter, after Avhich, being saturated, it ceases to take it 
up ; but it does not alloAv tlie dye to penctnite into the endoplasm. 

Balbiani (loc. cit. p. .'){>()), having compared the action of the salts 
of sodium with that of the salts of potassium and lithium on In- 
fusoria, comes to the conclusion that the injurious influence of these 
substances can only be partially ex])lained by osmotic phenomena. 
In addition to the.se a purely chemical action must be invoked. He 
b-ases his opinion on the fact that the isotonic .solutions of the three 
[27] salts acting on Infusoria of the .same species and same origin exert 
a ditterent influence. The ssdts of potassium and of lithium act in a 
much more energetic fashion than do the sodium salts. Conse<iucntly, 
the Protozoa are able to adapt themselves progrc.ssively not only to 
noxious influences of a physiological character but also to those of a 
chemical nature. Thus Infusoria and lihizopods can be accustomed to 
the action of high temperatures, to an intense light, etc. (!>n the other 
hand they can also be habituated to the toxic actions of true poisons., 
Davenport and NeaP liaA-e established the fact that Stentors kept for 
tAvo days in a Aveak solution of corrosive sublimate (O’OOOOa "/o) acaiuire 
a tolerance to a dose of this poison four times as great as the lethal 
dose for individuals previously kept in pure water. The same thing 
has been obserA'cd in connection with the toxic action of (}uinine. 
This immunity cannot be attributed to the selection and persistence 
of those Infusoria Avhich possess a natimd resistance to the sublimate. 

* “Action des aels sur le.a infusoirea,” Arch, d’anat. microsc., Paris, 1898, t. n, 
p. 59.5. 

* “ On the acclimatisation of oi^aniams to poisonous chemical substances,” Arch, 
f. Enttmckelungsmech., Leipzig, 1895, Bd. n, S. 664. 
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It is really acquired as tlie result of a direct and gradual chemical 
influence on the protoplasm of the Stentors which, once adapted, 

.all survive doses which are lethal for the unacclimatised control 
organisms. 

The vegetable micro-organisms, wdiich are much more easily 
cultivated tlian are the Protozoa, frefpiently manifest most charac- 
teristic phenomena of acclimatisation. The first systematic researches 
in this direction were carried out by Kossiakoff ' in the laborjitory of 
Duclaux. lie studied the antiseptic action of borax, of boracic acid, 
and of corrosive sublimate on the anthrax microbe and several other 
bacilli {TkicMliis sifbtilis, Thyrotrix scaher and 21 tennis). He foutul 
tliat all tliese micro-organisms can be gmdiially accustomed to doses 
which are absolutely bactericidal to the same species when not so 
acclimatised. Tfie acclimatised Thyrotrix ietmis withstands almost 
<loublc tlic amount of bichloride of mercury that the non -acclimatised 
bacillus will resist. The ordinary antlirax bacillus will not develop at all 
if the culture medium contains more than 0*005 of boracic acid whilst 
the same organism, when accustomed by passage througli successive 
cultures in which this substance is present in gmdually increasing 
proportions, grows well in sj)ite of tlie presence of 0*007 of the same 
antiseptic. Since these observations were made similar facts have 
been demonstrated by several other observers, and the ready accli- 
matisixtion of Bacteria to poisons is now generally admitted. Danysz [28] 
(Joe. e;it)y with the object of elucidating the mechanism of this adapta- 
tion, has studied the action of arsenic acid on the Ikicillus emthraeis. 

He has demonstrated that this bacillus will gradually accustom 
itself to grow in broth containing a quantity of arsenic acid winch at 
first inhibited all develoi)nient. During this phenomenon of adapta- 
^tion, wliich is acquired after a scries of passages through media more 
and more highly arsenicated, the bacillus secretes a coating of mucous 
substiince which protects the sensitive j)arts of the microbial cell. 
Here, therefore, is formed something exactly corresponding to what 
the same observer has demonstrated in anthrax bacilli that have 
acquired a tolemuce for rat’s serum. This analogy extends even 
to the tlirowing out of the protective substance into the culture 
fluid. When one sows an ordinary unadapted bacillus in arsenicated 
broth to which has been added some of the fluid from a culture of 
the adapted bacillus, development takes place in a marked fashion. 

On the conti*ary when the same material is seeded ” into arsenicated 
1 A 7m. de rinst. Pasteur, PariB, 1887, 1. 1 , p. 405. 
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broth of the same composition but to which has been added the 
filtrate from an iiuadapted culture, the bacillus does not develop 
nearly so well. The difference is explained by the presence, in the 
fluid in which the adapted bacillus had grown, of a certain quantity 
of the raucous substance which fixes the arsenic and prevents it from 
acting on the protoplasm of the micro-organisms. 

The Yeasts, also, adapt themselves very readily to antiseptics. 
This property has even had a practical application. We know that 
small doses of hydrofluoric acid are capable of preventing tlie 
proliferation of the yeast of beer, and Etfront* has accustomed this 
plant to live in media containing an amount of hydrofluoric acid 
which is absolutely inhibitory to the unadapted yeast. Under these 
conditions the adapted cells undergo a stimulation which causes the 
production of a greater quantity of alcohol. The yesist, in adapting 
itself to antiseptic doses (;500 mm. of hydrofluoric acid j)cr 100 c.c. of 
beer wort), acquires a kind of immunity which it did not possess in 
the first instance. Moreover this acquired property can be hereditarily 
transmitted to new generations developed in ordinary beer woi’t to 
which hydrofluoric acid has not been added. The stimulating actitui 
of this substance on the fermentative property does not depend upon 
the acid reaction of the hydrofluoric acid, for other acids which are 
[29] non-antiseptic, such as tartaric acid, arc incapable of inducing it. 

The acquired immunity against hydrofluoric acid is strictly specific, 
the yeasts that have been a<lapted to this substance becoming even 
more susceptible to the action of other poisons. 

Duclaux'' has already insisted on the relations Avhich exist betAvccu 
anti8ei)tics and foods. Formic aldehyde AA'hich has a vei'v powerful 
coagulative and therefox-c strongly antiseptic action on protoplasm may 
actually sen'e as a food for micro-organisms. The Thyrotrix 
studied in this connection by Pi^rtU, adapts itself to the presence of this 
ahiehyde and utilises it for its nutrition. Here is produced something 
that recalls the case of the Protozoa tliat digest parasitic organisms. 

It is now a cui'rent idea in microbiology that Bacteria and 
Yeasts which primaialy do not make use of certain substances, adapt 
themselves to use tliem as nutrient substances. Dienei’t* has ixxiblished 
a detailed work on the adaptation of the yeasts to milk-sugar. This 

* Monit. fdent. du IT Quemecille, 1.S90, 1891, 1892, 1894. 

* “Traits <lc Microbiologie,” Paris, 1898, t. i, p. 2.‘i8. 

* uinn. de I'lnst. Piuteur, Paris, 1896, t, x, p. 417. 

* Ann. de Vlmt. Paaleur, Paris, 1900, t xiv, p. 139. 



Immunity in Unieelluhir Organisms y 27 ' 

sugar is usually disdained by the yeasts that set up the fementation 
of glucose; it is not difficult, however, to adapt them to galactose 
, which they then attack and transform into alcohol and carbonic acid. 

The Protozoa can be progressively accustomed not only to poisons 
but also to altered physical conditions. Thus, Dallinger‘ succeeded 
in raising the temperature of the water in which flagellated Infusoria 
were growing from 15°‘5 to 23° C. without causing their death. By 
prolonging the experiment over several months, he was even able to 
habituate them to an existence at a temperature of 70° C. In the 
opinion of Davenport", a view which is shared by many other 
observers, this resistance to high tempemtures was dependent on 
tlie abstraction of water from the protoplasm. Ballinger has also 
observed that in Infusoria that ai’e siccustomed to life in hot water, 
the vacuoles become smaller and smaller and may even actually 
disappear. 

This adaptation, then, is a property that is very general and wide- 
spread in the microcosm of the unicellular organisms. It is connected 
with the intnicellular digestion of solid food and Avith the absorption 
and trsmsformation of soluble substances. These iffienomena, chemical 
in character, are intimately linked with the instability of microscopic 
orgsxnisms, Avhich represents one of the fundamental properties of[30] 
living orgiinisms. 

A Protozoon, Avhich is refractory to a parasite, may protect itself 
by flight or it may devour and digest the parasite ; another, which 
acquires a tolerance in regard to a toxin or to a mineral poison, 
absorbs, fixes and transforms this substance. Consequently, in all 
these instances of immunity there is a reaction of the living elements 
of the organism, this being a direct conseqticnce of the irritability of 
I the protoplasm. 

Before an lufusoriau retreats from the dead body of an allied 
organism, before a Protozoon secretes a digestive fluid around the 
prey it has ingested, before a Bacterium secretes a glairy layer for 
its defence, etc,, these unicellular organisms must receive sensations 
which provoke the above-mentioned reactions. It is to a celebrated 
botanist, Pfeffer, that we owe the most important researches on this 
irritability of unicellular organisms, researches which may be summed 
up in the general statement that this property is subject to the psycho- 
physical law of Weber-Fechner. Pfefler, by the observation of the 

1 Journ, R. Mlcr, Soc,j London, 1880, lii, p. L 

2 Davenport and Castlo, Archf. Entwickelungsmexh^ Leipzig, 1895, Bd* ir, S. 227. 
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movements of Bacteria under the influence of increasing stimulations^ 
lias established the fact that, conformably to this law, when the 
stimulus increases in geometrical ratio, the irritability increases in 
aritlimetical ratio, that is to say, the reaction is proportional to 
the logarithm of the stimulation. In order that a motile bacterium 
{Baetcrmm termo), grown in a peptonised solution, may perceive a 
ditterence of medium, it is necessary to place it in a jicptone solution 
of five times the original concentmtioii ; weaker solutions, in wliich the 
concentration is but three or four times greater than the original 
fluid, do not attract the bacteria at all ; consecpiontly these difter- 
dices are below their cheniiotactic sensibility. 

The different reactions that are exhibited in the immunity of 
unicellular organisms, reactions which are dependent on the irrita- 
bility of their proto[)lasm, therefore, come undeniably under the 
category of purely cellular iihenomeua. 
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IMMUNITY IN MULTICEI.LUI.AR PLANTS 

Infective diseases of plants. — Tljismodia of the Myxomycotes and tlieir clieniiotaxis. — * 
Adaptation of the plasinodia to poisons. — Pathogenic action of Sclerotinia upon 
Phanerogains. — The cicatrisation of plants. —Defence in 2)lants against Bacteria. — 
Sensitiveness of vegetable cells to osmotic pressure. — Adaptation of plants to 
mollifications of osmotic pressure. — Deiiendence of the chemical 2>hcnomona 
U2>on the irritaliility of the vegetable cells. — The law of AVcbcr-Fechner. 

Foil several reasons this inmiunity in tlic vegetable kingdom cannot 
be treated in a satisfactory fasliion. Much attention lias lieen devoted 
to the jiatliology of plants and tlie etiology of a number of vegetable 
diseases was wcdl establisherl at a period wlien we were still gi'oping 
in the dark for the causes of infective diseases in man and the higher 
animals. In spite of this, the botanist has relegated tlie study of the 
phenomena of immunity to a secondary position, and up to tlie present 
no work specially devoted to this subject has appeared. It is only 
incidentally that tlie question of the resistance of cerbiin jdants to 
morbific factors capable of infecting or intoxicating them has been 
touched 111)011. We should rccpiirc, therefore, to carry out special 
researches in this direction and to make a very comjilete study of 
botanical literature, before we should be able to present to our 
readers a rename of the question of immunity in the vegetable 
kingdom. Such a programme being imjiossilile we must content 
ourselves with borrowing from the botanists certain facts wliich 
throw light on some aspects of the general jiroblem in wliich we 
are interested. 

Many of the higher plants are subject to infectivi] diseases set 
up by the lower plants, of wliich the most important arc the Fungi. 
Whereas in the animal kingdom the majority of the infections 
are due to Bacteria, these micro-organisms mrcly occur in plants ; [ 32 ] 
moreover when they are present the part they play is nearly always 
a secondary one. This dilfcrence is due mainly to the chemical 
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composition of the “liumoux’s” in the two kingdoms, the cell-juice of 
•plants being generally acid ; under this condition the Fungi develop 
much better than do the Bacteria. 

The various modes of defence against infective diseases that have 
been met with in unicellular organisms are also found in the multi- 
cellular plants. Whereas in almost all plants the cells are rigid, 
owing to the presence of a well-developed membrane, some of the 
lower plants have preserved a condition in which the protoplasm is 
completely naked and capable of movement. Myxomycetes are 
specially distinguished by an amoeboid stage of existence and by the 
formation of large plasmodia which protrude protoplasmic processes 
and exhibit a kind of locomotion similar to that met with in the 
Rhizopods and the Sporozoa. 

Infective diseases among the Myxomycetes must be very rare 
since, up to the present, they have not been noted by a single observer. 
It is A'ery probable that the plasmodia get rid of the infective germs, 
as do the Protozoa, both by expulsion of the parasites and by 
means of intracellular digestion. This latter takes place in a medium 
winch is distinctly acid and by means of a soluble fcrmeut described 
by Krukenberg* as a kind of pepsin. I need not here enter into 
further detail as I have already treated this subject in njy LeeturcH 
m the comparative pathology of inflammation. The fact that the 
Myxomycetes can ingest living organisms has been demonstrated by 
Celakovsky, jun.“, nho hixs observed tlnit the spores of the various 
Fungi can gcniiinate in the interior of the plasmodium. Whilst our 
conceptions concerning the resistance of the i)lasmo<lia in reg'ard to 
micro-organisms arc merely based upon analogies and hypotheses, our 
ideas as to their immunity against soluble substances rest on well- 
established experimental facts. We owe to Stahl* our first informa- ' 
tion as to the mode by which the plasmodia resist poisons. When 
they are placed in contact with solutions of salts, of acids or of sugar 
in a sufficiently concentrated form to bring about an injurious action, 
the plasmodia make use of their amoeboid power of motion to escape 
[33jfrom these fluids. Hence they exhibit a negative chemiotams, ex- 
actly parallel to that so often observed in the case of the unicellular 
organisms. Consecpieutly there is in the Myxomycetes a natural 
immunity due to the activity of their movements. Further, a kind 

^ Untermch. a. d. physkilng. In»t. d. Univ. Heidelberg^ 1878, Bd. ii, S. 273. 

* Flora, Marburg, 1.S92, Bd. r.xxvi, S. 182. 

® lifloffi. Ztg., Leipzig, 1881, S. 161. 
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of acquired immunity in these plants has also been demonstrated 
by Stahl. The following is the passage in his paper referring to 
this subject, a passage very important from a geneml point of view* : 

“ If w'e replace the water in a vessel by a 1 or 2 "/o solution of 
glucose, we observe eitlicr the death of the plasmodia, if the action 
is too rapid, or merely their retreat from the glucose solution. 
Even solutions of ^ or :JVo are at first avoided by tlie plasmodia 
and, sliould the action be too rapid, may cause their death. Usualiy 
the plasmodia emigrate into those portiotis of the substratum remote 
from tlic solution, to i-cturn after some time, often only after several 
days, and immerse themselves in the solution of glucose as they do 
in an infusion of tan, although with more hesitancy. Conseqiiently 
the Myxomycetes accommodate fheimelvcs sloidy" to a more con- 
centrated solution, probably by giving up a certain proportion of their 
water. I Avas able to observe the same phenomena with even much 
more concentrated solutions (2 "/oj* A plasmodium which at the end 
of seA'cral days had adapted itself to a 2 “/o solution of glucose and had 
sent out numerous processes into it, found itself injiu’iously afiected 
when the sugar solution Avas suddenly replaced by pure Avater. Those 
that remained alive had retired to a great disbuice from the upper 
layer of the fluid and did not descend again until the end of the second 
day. After a fresh change of fluid avc Avere able to observe first tlie 
reimlsion and later the attraction of the plasmodia, but a cerbiin time 
ahvays elapses befoie the plasmodia become accustomed to the change 
in concentration. Wc obtain the same result AA'hen avc replace a 2 “/o 
solution, not by i>ure Avater, but by a ^ or a 1 "/« solution ” (p. 166). 

De Bary* had already interpreted these facts as being due to an 
immmiity acquired by the plasmodia, the result of an adaptsitiou of 
these organisms to solutions Avhich they had, at first, carefully avoided. 

He thrcAV out the suggestion that a similar adaptation might take [34] 
place in regard to solid substances ingested by the Myxomycctes. 

As these phenomena of ac<|uired immunity, in organisms so 
primitive and of so simple a structure, are of immense importance 
from tlie point of vicAV of Immunity in general I felt bound to submit 
them to a personal investigation. I found it an easy matter to 

* (Stahl used plasmodia Avhich had spread themsch'cs on a substratum of wet 
filter paper applied to the inside of glass vessels, its lower edge touching the surface 
of the experimental fluid at the bottom of the vessel (Translator).] 

* The italics are M. Metchnikofl’s. 

s “ Veigloiclicnde Morphologic u. Uiologie dor Pilse, Mycetozoen u. Bacterion,” 
Leipzig, Aull., 1884 ; also authorised English b'anslation, Oxford, 1887. 
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accustom the plasmodia of Phymrum to solutions of arsenious acid 
which at first repelled them in a very striking manner. Tliis adapta- 
tion manifests itself by movements of the plasmodia and by tlie 
cliHiige from negative chemiotaxis (repulsion) to positive chemiotaxis 
(attraction). 

It is impossible in the jn’esent stsite of our knowledge to state 
precisely the modifications tliat the plasmodia undergo during this 
process of adaptation. Stahl supposes that they depend “ on some 
special properties of the phismodia (probably in a greater or less 
richness in water) ” ; and tliat it is a case “ not of simple phenomena, 
easy of explanation, l)ut of extremely conijdicjited phenomena of 
irritability.” 

It is evident that, iii this case of acquired immunity, we have 
riot to do with a ((uestion ttf physical or chemical modification of the 
solutions emj)loyed but solely with reactive phenomena on the i)art 
of the living plasmodia. 

After a phase of active life, during which the Myxomycetes move, 
feed, digest and exi)cl waste products as do the lower animals, 
there comes a stage when they become immobile and transform them- 
selves into a numlRU' of sporangia filled with rounded spores. Before 
leaving their animal aspect for that of true plants, the plasmodia 
exhibit entirely new attributes. 'Jbey reject all nourishment and 
no longer ingest foreign bodies ; they avoid the moisture which 
previously attracted them and cease to shnnk from the light. 

Having come to maturity, the Myxomycetes declare themselves 
true plants and lead a passive life until the new generation comes 
forth. Most plants are restricted to this passive phase of the 
Myxomycetes. In these latter it persists only for a short ]>eriod, 
whereas in almost all plants it is the })ermanent condition. It 
is at this stiige that these organisms arc liable to the attack of 
parasites against whicli it is necessary for them to oppose all their 
means of defence. Our knowledge of these means r)f defence is as 
[35] yet, as I liave already steted, very imperfect, and the example of 
Sekrotinia libertiana (or Pezka sderotiorum) whicli has been the 
subject of the researches of de Bary' remains up to the present the 
one that has been most thoroughly studied. 

This Fungus, lielonging to the group of the Discomycetes, invades 
many species of plants and often produces great ravages amongst 
the cultivated plants of our fields and gardens, such as colza, hemp 
' Bolun. Ztg., Leipzig, 1886, SS. 377, 393, 409, 433, 449, 465. 
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petunias, dahlias, etc. The mycelium of this Sderotlnia develops in 
the stems of herbaceous plants and projluces sclerotia inside them, 
forms of resistance, wliich in this instance are black and resemble 
small particles of mouse excrement 

The spores of the Sderotinm germinate and form mycelial threads 
on the surface of tlie plants. In order that they may penetrate into 
the tissues these threads must attack the cell-membrane and for this 
])urpose they secrete a fluid, which contains botli a digestive ferment 
and oxalic acid, the latt(jr being essential for the action of the ferment. 

The presence of this “ toxin has been demonstrated by de Bary 
by macerating the mycelium of tlie SvlerofinUi, The resultant extract 
has a well-marked action on the tissues of many plants (carrot, 
Jerusalem artichoke, chicory, etc.). Under its influence the i)roto- 
]>lasm of the cells contracts, a genuine plasmolysis is set up, the cell- 
membran(^ swells and its layers between the cells arc dissolved. As 
the result of this digestive action, the cells become separated and 
the tissue softens. This extract, when heated to 52' C,, loses its 
digestive action on the cellulose membrane, but still retains its power 
of setting up plasmolysis. This reaction to temperatui'c confirms the 
view that the juice of the Fungus contains a soluble ferment. The 
results of de JJary’s researches have been coniirmed and in part 
supi)lemented by the experiments of Laurent 

It is a fact of common observation that the Sderotiniu Uherflana 
invades for the most part young plants. It may therefore be asserted 
that the disease produced by this Fungus is, like scarlatina or measles 
in the human subject, an 'Mnhintile disease. De Bary suggested 
that the immunity of adult plants must <lepend on the greater 
resistance which their cell-membranes ofler to the fluid secreted by 
the mycelial tilanieuts. Direct ex|)criments have shown the accuracy 
of his suggestion. Whilst the fluid extracted from the Sderotlnia 
leadily digests the tissue of young plants it leaves intact that of adult [36] 
plants of the sanic species. 

In the course of this disease we have a struggle going on between 
two plants. The i)arasite brings into play toxic and digestive secre- 
tions with which it seeks to impregnate its host. Hie attacked ])lant 
defends itself by the secretion of membranes capable of resisting the 
action of the secretions of the Fungus. Ihis struggle by means of 
chemical substances is, however, directed by the activity of the living 


B. 


^ Ann. de PlnaL Pasteur, Paris, 1899, t. xiii, i>. 44. 
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cells of the two belligerent plants, an activity dependent upon the 
irritability of their protoplasm. 

The example ave have just studied may serve as a type for our 
examination of the phenomena of immunity in the vegetable kingdom. 
Tl)e crux is above all to prevent the access of the parasites to the 
vital parts of the plant by opposing to them membranes as resistant 
as possible. Congequently the majority of plants, directly the smallest 
lesion is produced, react by an abundant cell-proliferation and by the 
suberisation of the outer layers. The cell-membranes of the latter 
thicken, the cellulose is transformed into suberin ; a layer of cork 
not very permeable to fluids and gases being thus formed. By 
suberisation the plant reacts against grosser lesions, incisi(jns or 
burns, as Avell as against the <ieeay set n]> by micro-orgsinisms. 

Massart*, in an extremely interesting memoir, has brought 
together the known data concerning eicati isation in plants and has 
demonstrated the fact that it is a very variable pi’ocess. In many 
leaves aftci* being damaged there is no attempt to react by forming 
cicatricial tissue. INlany aipiatic and marsh plants react but feebly. 
Their tissues die and turn brown, the plants failing to defend tlieni- 
selvcs by cicatrices, probably owing to the ease witli which the lost 
parts can be replaced. When, liow'cver, in the same plants, theio is 
produced a lesion of parts which are of great importance for the 
preservation of the integrity of the individual or a lesion of the organs 
* which enable the plant to continue its existence tlirough the winter, 
cicatrisation of the wounds takes place i-apidly. 

The old or adult parts in most cases react differently from the 
young parts. 'I'hus, the young leaves of Clisla (the example selected 
by IMassart) react to traumatism very ]>i omptly and form a genuine 
[.a7] callus winch makes good the injuiy, but the adult IcJivcs merely pro- 
duce a layer of cork in the immediate neighbourhood of the lesion. 

The essential mechanism of cicatrisation has not yet been satisfac- 
torily analysed, but it is evident, wdicn all is said and done, that it is 
directed by the ii-ritobility of tlie living protoidasm of the vegetable 
cells. 

Many plants protect their wounds with a kind of dressing, using 
for that purpose juices wliich harden on exposure to the air. Some- 
times these juices, c.//. latex, arc ijrefoi-mcd in the plant and are as it 
were always ready for use ; at other times they may be formed only 

‘ “ La cicatrisutioii ulioz les A cgetaux,” Mem. couron. de VAcad. Toy, de Belgique, 
Bruxelles, 189S, t. t.vii. 
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as the result of an injury. In this latter case the resins and gums 
which serve to close the wound and to protect the living parts receive 
the name of cicatricial secretions (Wundsecrete). According to the 
view first formulated by de Vries, those juices whicli harden under 
the action of air prove of great service both as natural dressings ” 
and as safeguards against the attacks of plants and animals. Indeed 
many of tliesc secretions contain essences whose antisci)tic and toxic 
action is now generally recognised’. 

The suberisation, the formation of a callus, and the secretion of 
juices wliich dose the wounds, are all rneans readily utilised and very 
potent in ensuring tlie resistance of plants against all sorts of injurious 
influences which may be set up by a morbid condition. But these 
processes are not the only means which i)lants have Jit their disposal. 

The living elements of plants usually secrete a cell-juicc of acid re- 
action which plays a very imj)ortant part in the defence of plants 
against pathogenic agents. Laurent‘S has studied this phase of the 
immunity of plants against bacterial decay. A variety of the Bacillus 
coU communis, according to this obseiuer, attacks the potato by 
means of its secretions in a fashion analogous to that already de- 
scribed when discussing S(dcrotinkL This bacillus produces a soluble 
ferment wliich has the power of digesting the cellulose membrane iu 
the tuber of the potato, and at the same lime secretes an alkaline 
juice without which this digestion cannot go on. Heating to (>2^ C. 
destroys the soluble ferment and the fluid thus heated is no longer 
able to digest the layers of the cell-membrane between the cells. In 
spite of exposure to this temperature, however, it still retains intact 
one or even several substances which may continue to cause con-[:^8] 
traction of the iirotoplasm and vdtimately kill it. 

' Wlien Lament placed cut halves of tubers coming from races of 
potato which were most resistant to bacterial decay in the fluid pro- 
duced by the Bacillus coll and afterwards inoculated them with the 
bacillus itself, he invariably found that the vegetable cells were pro- 
foundly affected. 

The alkaline secretions of the bacillus studied by Laurent may be 
neutralised by the acid juice of the potato, and wlien certain races of 
tubers prove immune from decay, it is, according to this (observer, 
because of the production of suflicicntly acid cell-juices. Moreover he 

’ Of. Frank, “Die Ivrankhcitcn tier rtlanzeii,” Breslau, Aufl., 1805, 13 J. r, *S. 43. 

“ “Recherches ex[»eriinentalcs sur les maladies dcs plantcs,” Ann, do einst. 
Pasteur, Paris, 1809, t. xui, p. 1. 
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actually succeeded in communicating an artificial immunity to rarieties 
of the potato which were most susceptible to decay by immersing 
them for several hours in solutions of certain organic acids. On th6 
other hand, when he treateil varieties endowed with a Mcll-marked 
natural immunity with alkaline solutions, the tubers became very 
susceptible to the decay set up by the bacillus. 

The struggle between the potato and the Bacillus coll reduces 
itself, then, to the chemicid reaction lietween the alkaline cell-secre- 
tions of the micro-organism and the acid secretions of the [lotato. 
This general fact, according, to Laurent, explains the part pla}ed by 
certain manures in determining the susceptibility or the resisbince 
manifested by the potato and many other plants against infective 
diseases. 

Wc know that the addition of phosphates to the soil increases the 
immunity of certain cultivated plants. 'J'hese substances are greedily 
absorbed by the roots and jiroducc acid salts which are dissolved in 
the cell-juice. The nitrogenous manures, on the otlier hand, both 
Iiotassic and lime, diminish the resistance of the same jilants, 
probably from the fact that they bring about a diminution of the 
acidity of tlie cell-juice. 

Hut these manures can act dilterently on different plants. Thus 
the same phosphates which confer immunity on the potato against 
bacterial decay render the Jerusalem artichoke more susceptible to 
the attacks of the Sclcrotinia. 

Laurent explains this fact as due to the difference in the reaction 
of the medium, which favours the action of one or the otlier of the 
[ 39 ] soluble ferments of the two parasites. Tlie ferment of the bacillus 
digests the cell-membrane in an alkaline or feebly acid medium, 
whereas tlie liyiieracidity which results from the absoi’iition of the 
Vihosiihates prevents this digestion and con.ser|Ucntly aids the plant in 
its struggle. Ou the other hand, the ferment of Sclerotinia, as is seen 
from the researches of de Bary, will digest cellulose even in a dis- 
tinctly acid medium. The hyfieracidity, induced by tlie phosphated 
manure, in this case favours the parasite and enables it to gain the 
upper hand iu the struggle with the tissues of the artichoke. 

In addition to neutralising the microbial products the acids of 
the cell-juice also act injuriously on most bacteria, which will only 
develop in neutral or alkaline meilia ; it is for this reason that 
bacterial diseases are so much rarer in plants than in animals. 

The secretion of cell-juices is consef|ueMtly a very important 
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clement in the defence of idauts ; it will be useful, therefore, to 
ascertain as definitely as possible the essential mode of its action. 
^^Tegetable cells are as a rule very sensitive to the influences to which 
they are exposed ; tliey distinguish with great precision the changes 
which take place in their surroundings. They are, indeed, callable of 
discerning not only the physical properties but also the chemical com- 
position of the medium in which they live. 

Vegetable cells estimate very accurately the osmotic pressure of the 
fluid which bathes them, and they react towards this solution by increas- 
ing or diminishing their own internal x)ressure. Van llysselberghe*, 
in an investigation very carefully carried out, demonstrated that 
when vegetable cells (especially the ex)idermic cells of certain species 
of Trade, ^mnti(i) ai’e placed in a solution of greater density than that 
to which the cells are accustomed, tlie intracellular i)ressure increases ; 
in a solution of less density the X)rcssurc diminishes. These changes 
in osmotic pressure are due to variations in density of the cell-juice, 
w liilst these variations are in turn determined by chemical transforma- 
tions. Tims, if the cell be treated with a too concentrated solution it 
])roduccs oxalic acid, Avhich dissolving in the cell-juice, is, owing to the 
smallness of its molecule, very osmotic. 

>Vith the j)ur|)Ose of confirming this by exact facts van Rysselberghe 
has studied the acids of the cell-juicc of Triidesmiitia, in the normal [40] 
juice he found that malic acid w'as constantly present and, in rare cases 
only, traces of oxalic acid, lie then iletcrmined the acids i>rescnt in 
the leaves of the same })lant after they had been scveial days in con- 
tact with fairly concentrated solutions of cane sugar. In each analysis 
lie found oxalic acid in <|uite aj)i)reciable quantity. There is then, in 
tlie ])laiit which adapts itself to more concentrated solutions of tlie 
medium, a x)roductioii of oxalic acid which serves the x)urx)ose of 
increasing the i)res.sure of the cell-juice. 

The origin of this oxalic acid .could not be accurately demonstrated, 
but van liysselbergho considers that it is jirobably formed at tlie 
expense of the glucose. 

According to the researches of Giessler oxalic acid is localised 
sfiecially in the epidermis and generally in the peri[)heral tissues of 
plants; it is very probable, therefore, that it fulfils a |>rotective role 
against all kinds of injurious influences. Botanists hold indeed that 
oxalic acid keei>s herbivorous animals, esijecially slugs and plant lice, 

1 ‘‘Reaction osmotiqiio des cellules vcgetales,” Mem, couron, de VAcad, 7'oy, de 
Belgique, Bruxelles, 1899, 
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from attacking plants that are rich in this substance. Tt is of use, 
also, in retaining tlie moisture in the superficial cells. It is very 
probable that it also i)la} s an important part as a factor in tlie main 
tenance in plants of immunity against bacterial diseases. 

Tlie vegetable protoplasm, wliich is capable of increasing the 
production of acids in order to raise the osmotic pressure, can also, in 
case of need, cause a diminution. 

When the cells of Tradescaiitia are transferred from a con- 
centrated solution into one imicli more dilute there may often be 
observed a precii)itation, in the cell-juice, of crystals of oxalate of 
lime ; this brings about a diminution in the osmotic pressure. When 
the density of the medium is altered, and the vegetable tissue is again 
transferred to a stronger solution, the oxalate crystals are seen to 
dissolve, as a result of a new production of acid. 

These chemical ])rocesses, so important to the life of plants in 
general and for ensuring to them immunity against infective agents 
in particular, are dependent upon the irritability of the protojilasin. 
Imprisoned in its resistant and more or less thick membiane, the 
living part of the vegetable cell estimates with nice discrimination 
every change tViat takes place around it. 

I iMassart' has shown that the stimulation produced by traumatism 
is often profiagated a considerable distance and may excite a reaction 
in very remote cells. If the mid-rib of a leaf of Impatiens mltaui 
be cut near the base of the limb tlie wound does not cicatrise but, a 
few days later, the leaf becomes detached from the stem. 

irritability is a fundamental property of all living beings. The 
plant may react by rapid movements, as in the case of the illuiosa 
piidlca, or more slowly — by chemical reactions — as in the case of 
adaptation to density of metlium. Tliese reactions are inoduced as 
the result of various irritabilities which exhibit a specific character. 

It is this specificity that determines wliether the reaction that is 
manifested by tlie movements shall lie produced in this direction or 
in that The stem, owing to the specific irritability of its living parts, 
turns to the liglit ; whilst the root, guided by a difterent irritability, 
grows down into the soil. 

The irritability of plants, like that of unicellular organisms, is 
subject to the psycho-physical law of Weber-Fechner. Pfeffer® first 

1 “La cicsiitiisation,” Lc,, p. 61 . 

^ UniermcK a, d, lotan, Jmt. zu Tubingen^ Leipzig, 1884, Bd. i, S. 363. 
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demonstrated this for the motile spermatozoids of the Cryptogams. 
Massart\ by a series of ingenious experiments on the irritability 
of a Mould {Phycomyees iiitens) to light, has sho^vn that the same law 
regulates the movements of this i>lant towards the source of light. 
This irritability of tlie Fungus to light is much more delicate tliau is 
the cheiniotaxis of the spermatozoids of the Mosses and the Ferns 
and than that of tlie Bacteria. 

Errera concluded from a consideration of the cxi)eriments of 
van Rysselberghe that the osmotic reaction of plants must also come 
under this psycho-physical law. llis pupil at his request made 
systematic rcsearclies on the subject and the results have entirely 
confirmed his prevision. According to the data obtained by van 
Uysselberglie^ tlie cellular osmotic reaction increases in arithmetical 
j)rogres8ion as the osmotic stimulation increases in geometrical pro- 
gression. The osmotic reaction is therefore proportional to the 
logarithm of tlie stimulation. 

To sum up, the plienomena of adaptation and of immunity in plants [42] 
are, as in the unicellular organisms, very widely distributed. Idants 
defend themselves by means of their resistant membranes and by 
secretions whose physical and chemical i^roiierties they are able to 
modify. Tliese iilienomena are dependent on the living parts of the 
cell which regulate them according to their greatly developed 
irritabilities. Thanks to this power, plants can gradually adapt them- 
selves to concentration of the medium and to the presence of jioisons 
which, at lirst, set up serious disturbances. Plants therefore, along- 
side a natural inmuinity, possess an acquired immunity against many 
pathogenic agents. 

^ “Kecherclies sur les organismes inferieurs,’’ Bull, de VAcad. de Belgique j 1SS8, 

2"' fcieric, t. xvi, v, 12. 

^ Z.c., p. 40. 
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PRELIMINARY REMARKS ON IMMUNITY IN THE 
i\NIMAL KINGDOM 

Examples of natural immunity ainon^ the Invertebrates. — Immunity against micro- 
organisms and insusceptibility to microbial poisons are two distinct properties. — 
The refractory organism does not eliminate micro-organisms l>y the excretory 
channels. — It destroys them by a process of resorption. — The late of foreign 
bodies in the organism. — The resorption of cells. -Intraccllvdar digestion. — 
This digestion clfectcd by the aid of soluble ferments. — Digestion in Planarians 
and Actinians, — A cti no- diastase, — Transition from intracellular dige.stion to 
digestion by secreted juices. — Digestion in the higher aniinals. -Enterokyiia.se 
and tlie part it plays in digestion. — The psychical and nervous oloments 
in digestion. — Ailaptation of the pancreatic secretion to the kind of food. — 
Excretion of pepsin in the blood and in the urine. 

As sliowii in tlic two preceding chapters unicellular organisms 
and plants * afford evidence of numerous phenomena of immunity. 
Alongside natural imrmuiity Ave find in tliem undoubted evidence of 
an adaptation to the presence of morbific agents, evidence Avhieh 
warrants us in inferring that eases of acquired immunity arc frequent. 
This being tlie case it is quite natural that the animal kingdom should 
be no exception to the general rule. Indeed, immunity against patho- 
genic agents is widely distributed in animals, and wc coutiiiiuilly see 
manifestations of natural immunity not only against parasites and 
their toxins, but against poisons in general. Just as frccpieiitly Ave 
find cases of acquired immunity against these morbific agents. 

As yet Ave know but little concerniiig the phenomena of immunity 
in the loAver animals belonging to the great grouj) of the Iiivertebrata. 
But it may be affirmed Avith certainty that tiiese also arc often 
endoAved Avitli a natural immunity against micro-organisms and 
bacterial toxins. As an example I may cite the case of the large 
Avhite larvae of the Rhinoceros beetle {Oryctes nasicorms) frequently 
met with in tanner’s bark. Very susceptible to the cholera vibrio — 
80^0(5 ^ culture^ of this organism being sufficient to set up a fatal 

^ [Probably a surface growth on a sloxied agar tube (Transl.).] 
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8ei)ticaemia --these larvae exhibit a very remarkable natural immunity [44] 
against the bacilli of anthrax and diphtheria. A large dose of bacteria 
*of the second anthrax vaccine, fatal to rabbits, guinea-pigs and mice, 
is borne without any inconvenience by the larvae of the Rhinoceros 
beetle. Tliey are ecpially refractory to large doses of the diphtheria 
bacillus. And yet, there are not Avanting species of insects which 
arc susceptible to these same micro-organisms. Thus, according 
to A. Kovalevsky', crickets cotitract anthrax very readily even at 
moderate temperatures (22"— 2.‘f C.). On the other hand they are, 
according to the same author, refractory to the bacillus of avian 
tuberevdosis. Many of the invertebrata, studied from this point of 
view, present analogous facts, uith which, however, we need not at 
|»resent occupy ourselves. 

In the Vertebrata in general and in Man in [(articular, natural 
immunity against many infective diseases and soluble poisons is 
so widespread that we arc at no loss to find examples for citation. 

We have a whole scries of human infections whose study is rendered 
particularly difficult simply because of the natural immunity of all 
other s[)ecies of animals from these infections. Such are syjdiilis, 
scarlatina, leiu'osy, exanthematous typhus, etc. On the other hand, 
a large number of diseases, very infective for domestic animals, are 
<piitc innocuous to man. In this grouj) mc have cattle plague, 
strangles, cotitagious plcuro-pncumonia, fowl cholera, pneumo- 
enteritis of [(igs, and a number of other diseases. 

As in a very large majority of instances pathogenic organisms act 
through the agency of their toxic products, one might believe — and 
this has been assumed repeatedly — that natural iimnuidty against 
infective diseases is dependent on the insasceptibility of the refractory 
organism to the specific poisons. 

Such a supi)osition cannot survive criticism. We have un- 
doubted instances of a spcciys of animal being resistant both to 
a micro-organism and to its toxin. Such instances, however, are 
rare and usually an oi-ganism that is refractory or only slightly 
susceptible to the micro-organism itself is very susceptible to its 
toxic products. Even those nacro-organisms which come almost 
constantly in contact with the human organism without becoming 
pathogenic, may produce toxins capable of gravely aliecting health. 

^ “ Etude e.\ii«rimontiile sur Ics glandes lympfiatiqiic.s dcs invertebn-s,” Melanges 
hiol. de tAcad. d. se. de St Petersb., 1894, t. xm, p. 453. 



42 Chapter III 

[45] Let us take as an example the bacillus of blue pus. This organism is 
most widely diffused in human surroundings. According to Schimrael- 
busch* it is met with on the skin of the arm-pits and of the inguinal 
region of one-lialf of mankind. From the skin it very often passes 
into the dressings of wounds which then assume the characteristic 
and so long recognised blue colour. The same bacillus is also found 
in the intestines of both sick and healthy persons. Jakowski* has 
met with it in flic faeces coming from intestinal fistulae in two women 
who had undergone operations. Now, in spite of these specially 
favourable conditions for tlie i)roduction of infection, the Bacillus 
pyocyamus has remained harmless. It is only in children, and even 
then rarely, tliat it can be convicted of exciting disease. Man, then, 
usually enjoys a true natural immunity against the Bacillns pyo- 
cyaneus. And yet it is not to his insuscei)tibility to the pyocyanic 
toxin that lie is indebted for this immunity. tSchaffer®, having in- 
jected himself in the shoulder with half a c.c. of a sterilised culture 
of B. pyocyanens, developed fever and an erysipelatous swelling. 
Bouchard and Charrin‘ inj(icted pyocyanic toxin into patients who 
reacted with more or less fever and by other toxic symptoms. 

Another extremely common saprophyte, the Micrococcus pro- 
dif/iosus, is incaiiablc of setting up an infective disease, but this 
does not prevent its products from exercising a toxic action, often 
very grave, in man. 1 'hc frog, which is refractoi’y to the cholera 
vibrio, undergoes a fatal intoxication when cholera toxin, is injected. 
One of the most striking examples is furnished in the case of the 
human tubercle bacillus ami tulxirculin. Man is much more resistant 
than is the guinea-pig to the pathogenic action of this organism, 
yet he is incomparably more susceptible to its toxin (tuberculin). 
According to the researches of Behring and Kitashima', the sheep, of 
all species of mammals, is most susceptible to the tubercular poison ; 
tlie Bovidae and the guinea-pig occupy an inferior rank in the scale 
of susceptibility. On the other hand, the guinea-pig is very sus- 
ceptible to the tubercle bacillus ; the Bovidae are less so and the 
[16] sheep is still more resistant to tuberculosis. It is unnecessary to 
multiply instances. Immunity against microbial infection and against 

1 “Ueber griinen Eiter,” Volkniann’s Samml. kiln. Vorlr., No. 62, Leipzig, 1893. 

“ Processus chimicpies dans les intestins de I’liomme,” Arch. d. sc. biol. de 
St-PHcrsh, .1892, t. r, p. 539; Ztschr.f. Hyg,, Leipzig, 1893, Bd. xv, S. 474. 

® Cited by Schiintnelbusch, l.e. 

■* Gompt. rend. Acad. d. Sc., Paris, 1892, t. ir, p. 1226. 

Perl. kiln. Wchnachr., 1901, 8. 163. 
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intoxication are two distinct properties, so that it is impossible to 
reduce the former to an insusceptibility to toxins. Wc must thei'e- 
• fore consider these two kinds of immunity separately and we wll first 
consider the resistsince of the animal organism against living infective 
micro-organisms. 

Refractory human beings and animals may be inoculated with 
a large number of micro-orgiinisms without being afiected. Thus 
Opitz’ injected 10,000,000 organisms into the blood of a dog. 
I’wcnty minutes later he couhl find no more than 9000. It is then 
quite natural to ask, What becomes of these micro-organisms after 
they h.ave made their way into the interior of the refractory organism? 

It has been suggested that the animal gets rid of the pathogenic 
germs much as it docs of all kinds of soluble poisons. Certain of 
tliese poisons, such as iodine and alcohol, arc in great part eliminated 
by the kidneys ; others, sucli as iron, by the alimentary canal. IVdiy, 
it is asked, shouhl not niicro-oiganisms also be eliminated by the 
same channels? ITiigge has adopted this view and has expounded 
it in his work on ferments and micro-oiganistns''. Moreover lie 
suggested to Wyssokowitch^ that he should carry out a large series 
of experiments with the object of verifying this theory. But numerous 
very careful researches have given a result ((uitc at variance with the 
forecast made by Fliigge. Micro-organisms of various species, injected 
into the blood-vessels of rabbits and dogs, were, in those cases where 
these animals are refractory, never eliminated, either by the kidneys 
or by any other of the excretory channels whicli Avere studied. When 
bacteria pass into the secretions, lesions of the tissues, more or less 
grave, arc invariably present. 

This result has been repeatedly confirmed and has been accepted 
as a general experience. The elimination of micro-organisms by the 
urine indicates not merely the absence of immunity, but implies, 
also, a susceptibility of the organism. In many septicaemias, such 
as tliose produced by the anthrax bacillus, the strejitococcus and 
other bacteria, or in less genendised diseases, such as typhoid fever, 
bacteria are found in the urine, often in large numbers. In these [47] 
cases it is a question of anything but a refractory coiulition even of 
the slightest degree. 

1 Zlschr.f. Hyg., Loipzig, 1898, Bd. xxix, S. 648. 

* “ Ferinento und Mikroparasitou ” in Xioinsison u. Petteiikofcr’s “ Ilandbuch der 
Hygiene,” Leipzig, 1883. 

3 “Ueber die Sclucksalo der in’s Blut injicirten Mikroorganisnien,” Zlschr. f, 
llyg., Leipzig, 1886, Bd. i, S. 1. 
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In recent years, however, several works have been published 
tlie aim of Avhich was to demonstrate the inaccuracy of this 
apparently well-established thesis. Biedl and Kraus* in Vienna 
took the initiative and announced in a detailed work that mici’o- 
organisms can readily jmss intact into the kidney and that this orgiin 
in virtue of its physiological function eliminates them. The organisms 
were said to leave the blood capillaries by the normal process of 
diapedesis and were then eliminated with the urine. The liver in 
a physiological condition, according to the researches of these 
authors, is equally capable of allowing of the passage of micro- 
organisms ; indeed it aids in discharging them fi'om the system. On 
the other hand, the pancreas and the salivary glands were incapable 
of fulfilling this function. Von Klccki“ olttained similar results. 
He also holds that the kidne}' is the principal oi'gan of elimination 
for micro-organisms which have penetrated into a refnictory organism. 

Witli these contradictions before him, Opitz” set himself to study 
this question in Fliigge’s laboratory at Breslau. Having critically 
reviewed tlie technical methods of his predecessors anil carried out 
a series of new experiments, he declared categorically “that a 
physiological excretion, by the kidneys, of the micro-organisms which 
circulate in the blood, «loes not exist.” For Opitz “tlie frequent 
apiicarance of micro-organisms in the urine of animals into wliose 
blood, a short time previously, living bacteria have been injected, is 
due to mechanical and chemical lesions of the vessel wall and of the 
renal epithelia.” 

This question might be looked upon as definitely settled in 
favour of the first results obtained by Wyssokowitch were it not 
that other voices had been rai.scd in favour of a physiological 
excretion of the micro-organisms by the renal channels. Pawlowsky* 
has recently published a long work on this subject in which he 
attempts to demonstrate that certain micro-organisms, even when 
introduced into the subcutaneous tissue of animals, pass very rajiidly 
[48] (at the end of a quarter of an hour) into the uroiioietic oi’gans and 
are eliminated with the urine. 

It was necessary to put an end to these controversies and M(5tin® 
undertook a scries of researches at the Pasteur Institute with the 

^ Ztschr.f. Ihjfj., Leipzig, 1SI)7, Bd. xxvr, S. 

“ Arch./. ex}U’r. Path., Leipzig, 1897, Bd. xxxix, S. 39. 

* Ztschr.f. llyij., Leipzig, 1898, Bd. xxix, S. .028. 

♦ Ztschr.f. Hyg., Leipzig, 1900, Bd. xxxiii, S. 261. 

• Ann. de Flnsl. Pasteur, Paris, 1900, t. Xiv, p. 415. 
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object of clearing up tins question. He guarded himself against the 
objections justly made against his predecessors and conducted his 
. experiments under unexceiitionable conditions. He injected several 
species of micro-organisms into the veins of rabbits and into the 
subcutaneous tissue of guinea-pigs. At various intervals lie ]ier- 
formed lai)arotoniy on these animals, pulled out the bladder and 
drew off the urine in such a fashion that no trace of blood could 
get into it. The results uore most conclusive. Xever, when the 
experiment was conducted under the rigorous conditions just men- 
tioned, did the micro-organisms travci’se the kidneys of resistant 
animals nor were they ever met with in their urine. 

Motin’s researches on the passage of micro-organisms through the 
livei’ in refractory animals gave the same results. In no case was he 
able to find in the bile any of the organisms that had been injected 
into the blood or under the skin. At the cud of liis memoir 
Motin sums up his results as follows: “(1) The kidneys and the 
liver arc impermcalile to bacteria introduced into the organism, 
subentaneousiy or intravenously ; (2) when the culture tulics contain 
colonies of the injected micro-organism, it is becanse there has been 
a certain amount of blood in the fluid inoculated, this being an 
indication of a vascular or e|)ithelial lesion, cither mechanical or 
chemical.” AVe were present at 51. Metin’s cxi»crimcuts and can bear 
witness to their exactitude. 

There can no longer be any doubt then on this point. The 
elimination of the micro-organisms from the refractory animal 
takes ])lacc, as indicated in Wyssokowitch’s first investigation, neither 
by tlie kidneys nor by the liver. Some observers have asserted that 
this elimination may take place by the sudoriparous glands. Thus, 
Brunner' made experiments with young pigs and cats into which he 
had previously injected micro-organisms, for the most part patho- 
genic. Tlicn producing a ti’anspinition by means of pilocarpin, ho 
“ cultivate<l ” the sweat and noted the development of the same 
bacteria as he had inti’oduced into the blood. In a single expei imcnt 
with a saprophyte {(Joccohucillm prodirfioKKii) he obtained a i)Ositive [19] 
restdt, from which he concludes that the refractory animal gets lid of 
bacteria which circulate in its blood by way of the sudonparous 
glands. It is scarcely allowable to draw any conclusion from this 
experiment from the fact that the snout of the pig, the sciit of the 
transpiration, is very liable to small vascular lesions nJiich might 
1 Bert. Min. Wchntchr., JS91, 8. 505. 
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furnish the bacteria that developed on Brunner’s plates. Neverthe- 
less, even in the case of pathogenic organisms, which swarm in the 
blood, the sweat is usually free from them. This has been shown by 
Krikliwy' in the case of cats inoculated with anthrax whose sweat, 
in spite of the passage of numerous bacteria into the circulation, 
contained none. 

Micro-organisms, then, after their entrance into the refractory 
animal, are not eliminated by any of the excretory channels which 
serve for the elimination of many of the soluble poisons. It was 
necessary therefore to seek some other process capable of affording 
an explanation of the disappearance of the micro-organisms which so 
often and by such varied means make their way into the interior of 
a resistant organism. For it is a well-established fact that in these 
cases the micro-organisms do disappear completely. This has been 
observed so often that it is unnecessary to offer any demonstration of 
the fact. Perhaps in the refractory organism tlie micro-organisms 
undergo the fate of the foreign bodies wliicli penetrate, or Avhich are 
introduced, into the circidation. It has long been known, thanks 
especially to the work of lloflinann and Becklinghausen'*, and of 
Ponflck“, that particles (tf carmine or vermilion when injected into 
tli'c blood are deposited in several organs. They are found in the 
spleen, tlie lymphatic glands and the bone-marrwv. A certain number 
of these foreign particles may even be fixed in the liver and kidneys, 
but, instead of ])assing into the bile and the urine, they remain 
lodged in the interstitial tissue of the organs. The observers just 
cited noted that the coloured granules do not remain long in cither 
the blood or the lymph but will be fo<ind in the interior of tlic 
cellidar elements. These granules persist for weeks Avithout any 
aijprcciable modification, differing in this from the micro-organisms 
Avhich, as a rule, after scA'eral days or even after a fcAV hours, disappear 
from the refractory organism. This disaj)pearance might be more 
justly comi)ared to the resolution of corpuscular elements wiiich 
[50] results in a more or less complete atrophy. The facts concerning 
the resorption of ]nis, of extravasated blood, of the mucosa of the 
uterus in pregnancy, etc., have long been knoAvn, and it is among 
these that one should seek analogies Avith the disappearance of tho 
micro-organisms. When bacteria of A’arious species are injected into 

Vrulch (ill Russian), fit retersburg’, ISOti, Nos. S, 12. 

* Ceittralhl.f. d. tried. Wuncnuch., Berlin, 1SG7, No. 31. 

® Virchvte’s Arc/ih, 180;», Bd. xxvm, S. 1. 
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refractory or not very susceptible animals, we always observe a local 
reaction in the form of inflammation, accompanied by the appearance 
. of white corpuscles. Gradually the organisms disappear from the 
point at which they are introduced ; the exudation becomes sterile 
and ultimately is comi>lctely absorbed. Numerous researches, which 
will be set forth in the succeeding chapters, have, indeed, demon- 
strated tlie remarkable analogy that exists bctw'een the disappearance 
of the micro-organisms from the refractory animal and the resorption 
of corpuscular elements or of animal cells. 

The analysis of the phenoniena of this resorption will help us 
considerably in our study of immunity against micro-organisms. 
When in any part of tlic animal organism a collection of pus, an 
effusion of blood, or any otlier org:inic lesion is ju’oduced, these lesions 
are usually repaii’ed after tlie lapse of a longer or shorter interval. 
In those cases where tlie cells retain their integrity, they arc taken 
into the lymphatic vessels and then i>ass into the circulating blood. 
In the course of his lesearchcs on the transfusion of blood, Ilayern* 
observed “ that blood injected into the peritoneum is absorbed un- 
altered and passes with its anatomical elements into the general 
circulation.” lie was able to demonstrate “ that the lymphatic 
channels play an important j)art in this absorption.” Ijcsage of 
Alfort" contirmed this result. He found that in the dog “one hour 
after an abundant haemorrhage into the peritoneum, induced ex- 
l)erimentally, the red coi'i)usclcs commenced to ])ass freely, without 
alteration and in very large numljers, into tlie thoracic duct.” I have 
observed a similar resorittion of the red blood corpuscle.s of the 
guinea-pig when injected into the peritoneal cavity of other indi- 
viduals of the same species. The white corpuscles can also be taken 
111) hy the lymphatic vessels without being modified in any way. At 
the end of an inflammatory reaction of feeble intensity, set up in 
cold-blooded animals, especially in the tadpole, the direct passage 
of leucocytes from the exudation into the lymi)liatic system may lie 
observed. 

The examples I have just cited arc, however, quite exceptional. [ 
In the great majority of cases the cellular elements that are under- 
going resor])tion are seized by the amoeboid cells and are taken into 
their substance. Even in the resorption of the red corpuscles, lying 
free in the peritoneal cavity of the same species of animal, a certain 

* Conipl. rend. Acad. d. Sc... Paris, 1884, t. .vcviir, p. 74I>. 

* Compt. rend. Soc. de hiol., Paris, 1900, p. 590. 
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mufibcr of tlie globules do not pass directly into the circulation but 
are first ingested by the amoeboid elements. This fact is insisted upon 
by Lesage. In inflammatoiy exudations the leucocytes also become 
the prey of their fellows. The ingested white coriuiscles may be 
recognised for some time lying in the interior of other leucocytes ; 
they are soon broken up, however, and finally disa])pe{ir completely. 
When, instead of isolated cells such as leucocytes, we introduce 
fragments of tissues or of organs into any part of the organism, the 
same mode of resor[)tion may always be observed. The introduced 
fragments are first surrounded and infiltrated by amoeboid cells and 
are tlien taken up into their interior. 

The mode of absorption just described is very general. It applies 
to alt kinds of cells and is observed in the absolutely normal organism, 
as well as in a large number of pathological conditions. For more 
than fifty years, the c.xistencc of cells which contain red blood cor- 
puscles (“blutkiirpcrchcnhaltigc Zellcn” of German writers) has 
been recognised ; they were met with in the spleen, the lymphatic 
glands and in many pathological pro<lHcts. For long vie could not 
exi>laiu how the red corfiuscles come to be inside other cells. 
Virchow* thought that they got there as the result of a mechanical 
pressure. Later histologists succeeded in determining the true 
nature of cells containing red blood corpuscles and in recognising 
that the leucocytes had really ingested the corpuscles. There has 
been much discussion, also, on the presence of leucocytes in the 
interior of large cells in exudations. It was thought that these were 
mother-cells which contained a new generation of small cells. IVrito's 
even described a fusion between the large cell and those found inside 
it; but Bizzozero- first recognised that the former was an amoeboid 
2] cell which had ingested pus corpuscles. Since this observation was 
made numerous cases have been described in which different cell 
elements have been found in the large cells. There coidd no longer 
be aiiy hesitation in interpreting these cases as instances of ingestion 
by leucocytes or similar cells. 

The changes that the ingested elements undergo within amoeboid 
cells may be comi)arcd with tho.se that take place in intracellular 
digestion. If the modifications of the particles ingested by i\\e Amoebae 
be studied side by side witli those which take place in ingested 

* Fiirhow's Archie, 1S52, Bd. iv, S. 536. 

■ “ IliViidb. d. kliii. Jlikroskopie,” ]8S7, S. 108; Gaz. mcd. lomharda, 1871 and 
1S72 : fVkii. medk. Jiihrhiieher, 1872, 8. 160. 
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cells in the process of resorption, a striking analogy may be observed. 

To establish this satisfactorily it is essential to begin witli a study 
of intracellular digestion properly so called, especially as in this 
phenomenon we have the fundamental basis of the whole of the theory 
developed in this work. 

In our first two chapters we have already cited examples of this 
intracellular digestion in the Protozoa (AmochaCy Infusoria, etc.) and 
in the plaamodium stage of the Myxomycetes. In all these cases it 
goes on in the organism, in a distinctly acid medium, by the aid of 
ferments which could bo demonstrated in tlie Amoehae and Myxo- 
mycetes, and which are analogous sometimes witli trypsin, sometimes 
with pepsin. 

In the lower Invcrtebrata wc find the principal source of our 
knowledge of intracellular digestion in the digestive organs. This 
form of digestion is met with in Sponges, in the whole of the Coelcn- 
terates (Medusae, Siphouophora, Oteno])hora, etc.), in the great 
majority of the Turbcllaria (Planarians, Ilhabdococla), and in certain 
of the Mollusca (the lower (Jasteropods). In the Invcrtebrata higher 
in the animal scale, intracellular digestion in the digestive organs 
becomes more and more rare, and sometimes it manifests itself only 
in the larval condition {Pkororm ) ; ultimately it gives place perma- 
nently to digestion by juices secreted into the gastro-intestinal canal. 

In his sketch of the comparative physiology of digestion, 
Krukenberg^ sought to establish two types : pi-otoplasmic or cellular 
digestio]! and secretory digestion. The former is effected, according 
to tliis observer, by a vital action independently of any production of 
soluble ferments. Secretory digestion alone, chai-acteristie of the 
Vertebrates and of almost all the higher IiivertebiYites, is effected by 
means of tliesc ferments (diastases or enzymes). ]\Iany observers, 
adopting this view, maintain that intracellular digestion presents [53] 
a purely vital phenomenon essentially different from tliat of chemical 
digestion due to juices containiiig soluble ferments secreted in the 
gastro-intestiual canal. That this theory is absolutely erroneous the 
succeeding pages of this work will furnish ample proof. 

The Protozoa, from their small size, are unsuitable for researches 
on tlie essential phenomena of intracellular digestion. A mongst animals 
higher in the vscalc the Planarians lend themselves most readily to the 
observation of this process. These flat worms are very common in 
both fresli and sea water and are easily fed in captivity. Tlicy arc 
^ Gruntlzu<5^e einer vergl. Physiologic der Verdanung,” Heidelberg, J S 82 . 
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very voracious animals and, aniong other things, .devour the blood of 
man or animals with avidity. One has merely to allow them to fast 
for a few days, and tJien to give them a drop of blood in order to see 
their digestive canal fill itself with this fluid 
(fig. 6). The w'hite Pknarian, De^tidrocochim 
lactemi, is well adapted for these researches. 

In a worm that has sucked blood from a 
Vertebrate, owing to its great transparency, 
the wliole length of its intestine witli its 
numerous ramifications may be seen. For 
some time this organ remains of a bright 
red colour, but gradually the tinge becomes 
brownish or faintly violet. These changes 
of colour I’ecall those observed in effusions 
of blood in or under the human skin result- 
ing from contusions. A microscopical ex- 
amination of Planariafis that have been fed 
with blood shows that the coloration of their 
digestive canal is due to red blood cor- 
puscles in difterent stages of digestion. Im- 
mediately after the taking in of the blood by 
the Planarian all the red blood corpuscles 
are ingested by the epithelial cells of the in- 
testine. Connected with the wall by slender 
[ 64 ] stalks, these elements appear as large amoeboid cells whose free end 
projecting into the lumen of the intestine sends out protoplasmic pro- 
cesses which seize the red blood cori)U8clcs and convey them into the 
interior of the cell. This goes on very rapidly, and in a very short 
time all the red corpuscles are found Avithin the epithelial cells. 
As a result of the increase in vohime of these cellular elements 
the intestinal cavity is completely occluded. 

Once inside the cells of the intestine the red blood corpuscles 
[55] exhibit changes which are readily followed under the microscope. It 
is better still to feed the Planarians with the blood of those lower 
Vertebrates whose red corpuscles are nucleated. In my researches 
I have used the blood of the goose. The red blood corpuscles 
of this bird, Avhen ingested by the epithelial cells of the intestine 
of Planarians, are usually collected into compact groups (fig. 7), 
only a few remaining isolated. The majority of these red corpuscles 
soon lose their normal appearance and contour; they become 


Pia, G. Yonng Planarian 
some time after having 
sucked goose's blood. 
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rounded and fused together^ but the nucleus and the haemo- 
globin enable us to recognise them without any difficulty. Later 



Fio. 7. Intestinal cell of a 
Planarian, filled with red 
blood corpuscles, undergoing 
digestion, of the goose. 


¥ig. 8. Digestion of red blood 
corpuscles of the goose with- 
in an intestinal ooli of a 
Planarian. 


the red colouring matter begins to diffuse into the digestive vacuoles 
which form around the corpuscles. These corpuscles empty them- 
selves, retaining their nuclei and capsules, which shrivel more and 
more. The nucleus also undergoes almost complete digestion, its 
membranous layer alone persisting (fig. 8). Even several days after 
the digestion of the blood has begun one can still find dehrU of 
perfectly recognisable red corpuscles, but the red colour has been 
replaced by a more or less pronounced brown tint. In the last 
stage of the digestive process, as the red corpuscles disappear, the 

4—2 , 
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protoplasm of the intestinal cells becomes filled with round Vacuol^j 
containing brown irregular concretions— excreta — which are eipelled 
into the iritcistinal ca^ 

: This slow digestion of a substance usually so easily assimilable as 

blood the epitheUal cells of the intestine^ 

C/Ontinuous microscopical obserration demonstrates most clearly the 
; complete absence of any extracellular digestion of the blood corpuscles 
in the intestinal content. 

j[«6] When goose’s blood mixed with blue litmus powder is given to 
Planarians, the coloured grains may b 
found some hours afterwards inside th 
epithelial cells of the intestine, but onl 
a few of the blue litmus granules chang 
colour, taking on a light violet tinge ; th 
great majority retain their blue colora 
tion. It might be concUided from thi 
that in Planarians intracellular digestioi 
is efibcted in a neutral or nearly neutra 
medium. If, however, the preparation 
of intestinal cells gorged with goose’ 
blood are treated with a 1% solutioi 
of neutral red, we at once notice tha 
the red corpuscles and the vacuolei 
which contain them are stained brigh 
red, assuming a tint similar to that givei 
• with picrocamine staining (fig. 9). Thii 
colour reaction indicates, according to 
our researches on neutral red, an acid reaction, more feeble, however, 
than that met with in Paratmeemm many other Protozoa. 

Macerations of Planarians in normal saline solution to which has 
been added a small quantity of the red corpuscles of the goose’s 
blood exhibit in vitro a very distinct solvent action on these cor- 
puscles, which become rounded and lose their haemoglobin, this latter 
. diffusing into the surrounding fluid, and at the close of the experiment 
there remain simply the membranes and the nuclei of the corpuscles. 

The study of these Planarians shows us, then, that the food of these 
apimals undergoes exclusively intracellular digestion in a feebly acid 
m^ium and by means of a soluble ferment, and it fiirnishes us Vith 
prepf that typical intracellular digestion is essentially a chemical process 
due to the intervention of enzymre. Now there can be no Question, here. 





Fio. 9. Portion of an intestinal 
cell of a Planarian, treated 
with l7o neutral red. 



of a protbplasmio actioa proper, but the branched digestive Cttaal, : ■ 
so intimately associated with the parenchyma^ cpnnot be completely 
isolated from the rest of the Plauarian, and it is impossible to study 
in miro its digestive action apart from other tissues. To attain this 
end we must turn to animals of larger size and those in which the : 
digestive organs can be isolated more easily. In the Ooelenterata 
intracellular digestion is generaL Many of them are so transparent , 
that they can be examined in vivo. It is easy to observe that the 
particles of food are seized by amoeboid processes of the entodermic 
cells and that they pass into the substance of these elements there to 
be digested. Por the systematic study of the digestive phenomena, 
however, it is not sulBicient merely to examine all that takes place in 
the living animal. Experiment in vitro is also necessary. For this [i 
purpose the Actinians or sea-anemones offer us really excellent , 
material. As these animals are very common in all our seas and 
are easily kept alive for long periods in aquaria, they have been used 
for various researches, among others for the study of the process of 
digestion. 

The Actinians are easily fed in captivity; they devour morsels 
of flesh, of shrimps, of mollusca and other marine animals with 
avidity. The ingenious English observers Couch and G. H. Lewes^ 
long ago demonstrated that morsels of food when introduced enclosed 
in perforated quills or wrapped in test paper or gutta percha silk and 
swallowed by the anemones were afterwards ejected surrounded by 
mucus but with no trace of digestion. Having failed in their search 
for digestive juices in the large gastric or coelenteric cavity of the 
Actinians, Lewes concluded that digestion in these animals is effected 
in a purely mechanical fashion. The greatly developed muscles of the 
Actinians were supposed to squeeze the food and extract its fluid which 
is then absorbed by the walls of the general cavity. It was not until 
very much later that the problern of digestion in the Actinians could 
be resolved in any accurate and definitive fashion. More than twenty 
years ago I demonstrated® that the digestion in these polyps is intra- 
cellidar. In order that a clear conception of this phenomenon maybe 
obtained it may be useful to recall in a few words the fundamental 
^tures of the organisation of Actinians. They are cylindrical bodies, 
sometimes as large as the fist, attached by their base to stones, 
shells, or other submarine objects, and furnished at their free 
extremity with one or moie series of tentacles. In the middle ^ 

O. H. Lewes, " Sea-side Studios,” Bdin. and London, 1868, p. 216. 

Leipzig, 1880, Jahrg. ui, S. 261, and 1882, Jahrg. v, S. 310. ■ - 
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of thig extrmity is an . elongated opening, the month, -which 
leads into a spacious sac, often spoken of as the stomach. It is, 
however, only a kind of oesophagus, through which the food passes 
into the large coelenteric cavity which is divided by septa into 
numerous compartments lined by the entodermic epithelium. These 
septa give origin to many very long and tortuous filaments, spoken of 
filaments from their resemblance, a purely superficial 
one, to the mesentery of higher animals (fig. 10). When the Actinian 
is himgry it protrudes its tentacles in order to seize marine animals, 
which it conducts to its mouth. The lips and the oesophagus are 
[ 58 ] used to estimate the quality of the capture, and if it is found 
unsuitable the anemone rejects it, first surrounding it with a layer of 



Fia. 10. Longitudinal section of Fio. 11. An Actinian in wliicli carmine 

an Actinian (after Hollard). . after absorption has passed into the 

mesenterial filaments. 

mucus. If however the food is found to be suitable, the Actinian 
retains it in its large cavity and throws around it a multitude of its 
mesenterial filaments. These penetrate it iu all directions, and as 
their epithelial cells are capable of sending out amoeboid processes 
they seize and ingest the particles, which immediately enter the proto- 
pI(M|dp content. This work is done with such precision and nicety 
sea-anemone is able to extract the contents of a shrimp from 
^®|irapace, which latter alone it rejects. 
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The epithelium of the mesenterial filaments is therefore the organ 
of digestion in the Actinians. The nutritive parts of their prey 
into the amoeboid epithelial cells and there undergo a purely intra- 
cellular digestion. If vre add to the shrimp-miiscle or other food 
a little carmine or blue litmus powder, the mesenterial filaments 
ingest it also and become pigmented. After eating carmine they 
assume a very brilliant rose colour (fig. 11) ; blue litmus coloui’s them [59] 
rose violet This change of colour in the interior of the cells of the 
filaments indicates a decidedly acid reaction of their contents'. Wlien 
one adds to the mesenterial filaments which are carrying on the process 
of digestion a drop of a 1 ®/o solution of neutral red tliey assume various 
shades of red (fig. 12). 

This intracellular digestion in the Actinians has been confirmed 
by several observers, amongst whom may 
be cited Chapeaux’' and Bjelooussoff*. 

It has often been asserted, however, 
that, along with a digestion in the in- 
terior of the cells of the mesenterial 
filaments, there is, in the Actinians, a 
secretion in the coclcnteric cavity of 
their body of fluids u'hich digest nutri- 
tive matter by means of a soluble 
ferment. A ferment similar to trypsin 
has been extracted from Actinians by 

Ldon Frdddricq and Krukenberg. But, in presence of contradictory 
assertions, it remained undecided whether, in the enzymatic digestion, 
this ferment does its work in the fluid of the coclcnteric cavity or 
whether it rejmesents the active factor in intracellular digestion. 

With the object of definitely elucidating a problem of such general 
importance, Mesnil, tlie superintendent of my laboratory, has been 
good enough to carry out a fresh series of experiments on the digestion 
of the Actinians and has studied this process not only in animals kept 
in captivity in aquaria but also in Actinians living under natural con- 
ditions in the sea*. 

As intracelhdar digestion is of interest to us specially in connection 
with the resorption of formed elements in the tissues and cavities of 

* Metchtiikoflf, Ann. de VInst. Pasteur, Paris, 1893, t. vn, p. 348. 

* Hull. Acad. roy. de Bely., Brus., 1893, t. xxv, p. 262, and Arch, de Zool. exper., 
Paris, 1893, 3®® s6rie, 1. 1, p. 139. 

* “Etudes de physiologic sur les Actinios,” Charkoff, 1895 (in Russian). 

* Amw. (fe jPewtewr, Paris, 1901, t XV, p. 352. 



Fio. 12. Portion of mesenterial 
iiinment of an Actinian, 
stained with 1% neutral 
red. 
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animals, Mesnil directed Ids attention to the digestion of the red 
corpuscles of the blood. He made use of the red corpuscles of 

[ 60 ] several species of Vei'tebrata, but he made a special study of the 
digestion of nucleated red blood corpuscles. These corpuscles are 
very delicate, and may even undergo a certain degree of maceration 
in ordinary sea water. In spite of this tliese red corpuscles are not 
digested in the coelenteric cavity of the Actinians but, once ingested 
by the entodermic cells of the mesenterial filaments, they are com- 
pletely dissolved by the intracellular digestion. Mesnil also observed 
that fibrin is not digested except in the cells of the filaments. The 
facts cited by Chapeaux in favour of an extracellular digestion in the 
fluid of the coelenteric cavity in no way support his hypothesis, and 
reduce themselves, according to Mesnil, to a digestion by the diastase 
of blood itself fixed by the fibrin, after the bleeding, at the moment 
of the formation of the clot. 

For a certain period the red corpuscles may be met with inside the 
cells of the mesenterial filaments. They are ingested in their normal 
state — oval red corpuscles with a nucleus. As several hours are 
required for the ingestion, it is evident that the fluid of the coelenteric 
cavity has been incapable of attacking the red corpuscles. In the 
protoplasm of the entodermic cells the red coipuscles become rounded, 
tlieir walls become permeable, and the haemoglobin begins to diffuse 
from them. It passes fii’st into the vacuoles of the digestive cells and 
is then, in part, ejected into the general body cavity. The haemo- 
globin is transformed into a green substance which reminds one of 
biliary pigment. The membranes and nuclei of the red coi’puscles 
are also digested and ultimately disappear completely. 

The digestive cells of the entoderm ingest not only blood cor- 
puscles or fibrin, but also fragments of muscular fibre and pai’ticles of 
carmine and litmus. These latter, as already stated, indicate a marked 
acid reaction. 

In the Actinians, then, the mesenterial filaments, or rather their 
entodermic portion, represent the real organ of intracellular digestion. 
There are indeed other regions of the entoderm which also carry on 
this function, but in an insignificant degree as compared with the 
mesenterial filaments which are capable, howevei-, not only of 
ingesting and digesting solid substances, but also of absorbing 
solutions. Mesnil has demonstrated this by injecting soluble 

[61] colouring matters, such as eosin, carminate of ammonia, etc., into 
Actinians. These solutions, although in great part absorbed by the 
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digestive cells of the mesenterial filaments, can, however, also be 
retained by other elements, amonpt others, the cells of the ectoderm. 

As the digestion of the food-particles goes on within the ento- 
denhio cells of the mesenterial filaments and as these organs can 
easily be isolated from the rest of the Actinian, Mesnil was able to 
study with great precision and care the phenomena of digestion 
outside the organism. With this object he prepared extracts of the 
filaments in sea- water and studied their action on various nutritive 
substances. He confirmed the discovery of a soluble ferment made 
by Ij(5on Fredericq and demonstrated that it is capable of digesting 
albuminoid substances (fibrin, coagulated albumen) in media Avhich 
are neutral, slightly alkaline or weakly acid. In this respect the 
actino-diastixse (the name given by Mesnil to the soluble ferment 
of the Actinians) approaches most nearly to papain. On the other 
hand, it is distinguished by its greater sensitiveness to an excess 
of acid and also by its more powerfid action on coagulated albumen. 

The acti no-diastase acts vigorously at any temperature between 
16° and 20° C., but the oi)timura temperature for its digestive action 
is between 36° and 45° C. Higher temperatures weaken the diastatic 
power, and heating to 55 — 60° C. inhibits it completely. Among the 
products of the digestion of albuminoids by actino-diastase, Mesnil, 
like his predecessors, found not only a notable quantity of peptone 
but also products of the disintegration of the albuminoid molecule, 
such as tyrosin and protcino-chromogen. Consequently actmo- 
duistase resembles Mouton’s amoebo-diastase in certain respects. 

The nucleated red blood corpuscles of the lower Vertebrata are 
very convenient objects on which to observe the process of intracellular 
digestion within the cells of the mesenterial filaments. Mesnil has also 
studied them in vitro under the influence of actino-diastase. Under 
these conditions the phenomena of digestion recall very clearly those 
that have been observed M'ithin the digestive cells. The oval red 
corpuscles of the fowl and goose become spherical as a result of the 
solvent action on their membrane, and the haemoglobin diffuses into 
the fluid. The membranes and the nuclei of the corpuscles are, how- 
ever, little altered and may be recognised under the microscope. The 
difference between this and digestion within the cells reduces itself 
to a more feeble digestive action of the aqueous extract. It is evident 
that the preparation of this extiuct is only capable of bringing into (.62] 
prominence a certain proportion of the actino-diastase contained in 
the entodermic cells of the filaments. 
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Mesnil has fed the same Actiniaua with repeated doses of bldod 
with a view to make out whether the colls, under these conditions, 
acquire any special aptitude for the production of the actino-diastase. 
Notwithstanding numerous attempts, he could never assure himself 
that this takes place ; the rapidity with which the red corpuscles weye 
dissolved by the extract of the mesenterial filaments was the same 
whether this was prepared from Actinians that had been several times 
: fed on blood or from those that had received none at all. 

From what I have just described no doubt can exist that intra- 
cellular digestion is not a “protoplasmic” process essentially different 
from that which is brought about by the digestive juices secreted in 
the intestinal canal. In both cases we have a diastatic action, due 
to sohible ferments, produced by living elements. In intracellular 
digestion, however, the diastases carry on digestion in the interior 
of the cells, principally in the vacuoles, Avhilst in extracellular 
digestion this process goes on outside the cells, in the lumen of 
the gastro-iutestinal canal. 

It cannot be doubted that, in the animal scale, intracellular 
digestion represents an earlier and primitive condition for the 
solution of the food substances. This follows from the fact that 
it is widely distributed amongst the lowest animals, such as the 
Protozoa, Sponges, Coelenterata and Turbellaria. Intracellular 
digestion only gives way step by step to digestion by secreted 
juices. The higher Invertebi’ata furnish us with conclusive testi- 
mony on this point. Tims, among the gasteropod Mollusca, there arc 
some which exhibit the two modes of digestion in the same animal. 
In Phyllirho'e, a beautiful mollusk, without a shell and quite trans- 
parent, which floats on the surface of the sea, the food can be seen 
passing into the cavity of the digestive canal, where it undergoes 
a preliminary digestion by secreted juices ; the result is a magma of 
small solid particles Avhich are at pnee seized by the amoeboid 
epithelium of the coccal appendages, tw'o on each side of the body. 
Intracellular digestion then completes the process and ends by 
dissolving the nutritive substances and reducing them to their 
final stage previous to absorption. On adding to the food some 
particles of carmine these may be found along with the digestible 
particles in the interior of the e[)ithelial cells of the coeca. 

[63] This example furnishes us with a real link between primitive 
intracellular digestion and the perfected and derivative extracellular 
digestion. In the same group of Gasteropods may be follow'ed out 
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several stages of this evolution so that in the higher representatives of 
the group, such as the slugs and the snails, we meet with digestion 
carried on only by secreted juices in the gastro- intestinal contents. 

In these Mollusca a voluminous glandular orgtin, the liver, which is 
certainly derived from coecal appendices similar to those of PhyUirhoe, 
is now met with. Regarded from this point of view the liver is, as 
Claude Bemard has stated, an organ of second digestion. I think 
tliat a detailed study of the liver of the Mollusca, guided by this idea, 
will give results of considerable importance. 

In the Vertebrata intracellular digestion in the gastro-intestinal 
canal almost disappeai-s and is replaced by digestion carried on 
by means of ferments contained in secreted juices. We cannot, of 
course, offer to the reader anything like a complete account of 
this extracellular digestion in the higher animals. It is necessary, 
however, to draw attention to sevein,! aspects of this function which 
have been estiiblished, thanks to the progress made during recent 
years, in obtaining digestive juices and in the study of their action. 

For the study of intmcellular digestion the sea-anemone is the 
most suitable# animal for our purpose; for that of extracellular 
digestion the dog. In this latter animal, an omnivorous flesh-eater, 
the Ibod-substances are treated by digestive juices of great activity 
which contain a whole series of solulde ferments. The stomach 
secretes two of these : rennet and i>epsin. The pancreas elaborates 
three ; trypsin, amylase and sjrponase, which act on the three main 
groups of tbod-substances. To these the small intestine adds a special 
ferment, described by Pawloff’* under the name of enterokynase. 
Every one recognises the proteolytic function of pepsin and trypsin 
and the analogies and differences between these two diastases. Nor 
need I dwell on amylase or on the ferment which saponifies fats. But 
enterokynase merits special attention in connection with the study of 
immunity. Pawloff entrusted to his pupil Ch6powaluikofl' the study 
of the digestive roh of the intestinal juice concerning which, up to 
this, very little was known. It wvas known indeed that this juice 
contained weak saccharifying and inverting ferments," but it was [64] 
generally regarded as a secretion of little importance. Chepowal- 
nikoff* has demonstrated that this view is absolutely erroneous. The 
intestinal juice fulfils the very important function of accelerating the 

1 Address delivered before the Societe den mddecins ruescs at St Petersburg. 

Gaz, dirt, de Dot kine^ ] 900. 

2 Physiologie du sue intestijial ” Saint-P^tersbourg, 1899 (Thesis, in Ru.ssian). 



action of the three pancreatic ferments. The duodenal juice of the 
dog, especially, Contains enterokynase. Wlien this juice is mixed with 
a pancreatic juice that by itself actively digests fibrin and albumen, 
digestion takes place still more rapidly, the action being from three 
to four times as great. The part played by the intestinal juice 
becomes even more evident when it is mixed with a pancreatic juice 
that has little or almost no activity, as is the case of that from dogs 
that have recently been operated upon. Thus pancreatic juice, which 
has no action upon albumen, digests it promptly when a certain 
quantity of duodenal juice is added. When Chepowalnikoff took 
500 C.C. of inactive pancreatic juice diluted with .'iOO o.c. of water 
or soda solution and added to it but a single drop of intestinal juice, 
the mixture exerted a manifest digestive action on coagulated 
albumen. 

If, in place of [)ancrcatic juice, we take tlie acpieous or glycerinated 
extract of the pancreas, which by itself exerts a very insignificant 
digestive action on albumen, and atld to it intestinal juice, digestion 
takes place immediately. If it be admitted, as several physiologists 
maintain, that the imictivity of the pancreas is due to Ijie fact that we 
have zymogen present in place of trypsin, one might conclude with 
Chepowalnikoff that “the intestinal juice possesses the power of 
transforming the zymogen into trypsin, and that tliis transformation 
takes place in a much more marked degree than in the presence 
of acids or the oxygen of the air” (p. 137). 

The intestinal juice, from whatever region of the small intestine it 
be derived, exercises an undoubtedly favourable influence on the 
digestion of starch by the pancreatic juice, bxit this action is much 
more feeble than that on trypsin digestion. The action of the 
intestinal juice on the saponification of fats is even less marked. 
But here it is to the bile that the more intportant r6le is transferred. 
This fluid also augments the activity of the pancreatic juice, but 
in a manner different from the intestinal juice, for it acts especially 
by accelerating the digestion of fatty substances. 

[6.5] The action on the pancreatic digestion is not in any way interfered 
with W'hen the bile is heated to boiling point. On the other hand 
the intestinal juice, under these conditions, completely loses its 
accelerating role. It follows from this, as has been formulated by 
Pawloft) that, in the intestinal juice, the existence of a soluble ferment 
which is destroyed by heat must be admitted; to this ferment he 
proposes to give the name of enterokynase. Without exercising 
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a digestive power on any of the alimentary substances, it may act as 
a ferment of the pancreatic ferments. 

Delezeline, at the Pasteur Institute, has repeated Clidpowaluikoff’s 
experiments. He has confinned the accuracy of his results and 
has added new data of great importance, not only as regards the 
physiology of digestion but also in relation to the study of immunity. 
Enterokynase appears from Delezenne’s experiments to be a true 
ferment; carried down by the same precipitants (collodion, phosphate 
of lime, alcohol) which enable us to obtain the greater number of the 
known ferments ; it is sensitive to high temperatures, and even that of 
65° C. is sufficient to do away with the greater part of its activity. 

Yet another property of enterokynase, which it possesses in common 
with the soluble ferments and which has for us a very special interest, 
is the facility with which it attaches itself to fibrin. By means of flakes 
of this substance we can at any time remove from a fluid the whole 
of the enterokynase contained therein. This fixative i)roperty is very 
important in connection with the [Kirt whicli enterokynase plays in 
digestion. The fibrin to which it has become attaclied absorbs trypsin 
witli great avidity. If we introduce flakes of fibrin impregnated with 
enterokynase along with other flakes which have not been in contact 
with this ferment into a solution of trypsin, the former are digested 
with great rapidity, whilst the latter do not undergo any change. The 
fibrin that has fixed enterokynase is capable of clearing a fluid of its 
trypsin. On the other hand, that which has not been acted upon by 
tlie intestinal Juice leaves it there almost unaltered. 

It is of the utmost importance that we should inform ourselves as 
to the origin of the entcrokyniise of the intestinal fluid. This fluid, 
when obtained from a fistulous opening, for example, contains mucus 
arid a considerable amount of ditirh of various kinds of cells. What 
are the elements which furnish such a remarkable fennent? Dele- [66] 
zenno has obtained a very iwecise answ'cr to this question. Tlie 
enterokynase is not contained in the mucus and is not secreted by the 
intestinal glands ; it comes from the lymphoid organs. 

If the small intestine of a fasting dog be washed carefully with 
water all the pre-existing entei'okynase is removed fi'om it. The 
Peyer’s patches are then removed and treated with cldoroform 
water. The other parts of the small intestine are similarly treated. 
This fluid dissolves the enterokynase, as it does the other soluble 
ferments. We find that the Peyer’s patches furnish enterokynase, 
but that the rest of the intestine, including Licberkiilm’a glands, 
give none. 



y^e know that the Peyer’s patches are lymphoid organs in which 
are a large number of amoeboid monouucleated cells, and that these 
elements are eren capable of ingesting foreign bodies and of sub- 
mitting them to intracellular digestion. It is therefore not at all 
astonishing that Delezenne should ha<re succeeded in finding eutero- 
kynase in the mesenteric glands of several Mammals (dog, pig, rabbit). 

: These glands, when treated by the method just mentioned, yield a 
substance which assists the action of trypsin just as does the intestinal 
juice. Having reached this point, Dclezenne asked himself whether 
the mononucleated Avhite corpuscles, so closely allied to the mono- 
nucleated cells of the lymphoid organs, may not also contain 
enterokynase. With the object of settling this point he collected 
exudates that were rich in mononucleated leucocytes ; in these also 
he found this same soluble fennent. Moreover, the leucocytic layer 
of the blood showed itself equally capable of increasing, very 
energetically, the action of trypsin. 

The results of the old experiments carried out by Schitf and by 
Herzen on the adjuvant rOle of the extract of the spleen in pancreatic 
digestion, must without doubt Im ranged alongside those we have just 
indicated. In fact the mononucleated cells of the spleen, like those of 
Peyer’s patches and of the mesenteric glands, contaiii a substance 
which acts like enterokynase. Delezenne has given us a definite 
demonstration of its presence and action. 

In intracellular digestlon .it is the chemical side which has been 
most difficult of demonstration. The purely physiological functioning, 
the sensitiveness of the digestive cells and the amoeboid movements 
[67] of their protoplasmic processes arc, on the other hand, so manifest 
that it has even been suggested that intracellular digestion should be 
looked upon as a protoplasmic phenomenon purely vital in character. 

In extracellular digestion through the agency of secreted juices 
we have a veiy difierent condition. Here the chemical side is the 
striking feature, the physiological factor being veiled more or less 
completely. Nevertheless, thanks to recent advances and above all 
the labours of Pawloff’s disciples in St Petersburg, this indblem 
has been elucidated in a vciy remarkable fashion. 

The secretion of digestive fluids follows definite laws, the most 
potent factor being the reflex action of the nervous system. To use the 
expression of Pawloff, the study of the process of salivary secretion 
has revealed a real psychology of these organs. You may fill the 
mouth of a dog with small polished pebbles or with snow ; you may 
pour into it very cold water— -the saliva will not flow. But merely 
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allow the animal to see sand in the distance— the glands at once 
begin to secrete fluid saliva. Tempt the dog with flesh— and 
immediately a thick saliva appears ; show him dry bread— saliva is 
secreted in abundance, even if the dog has no great desire to eat. 

The same phenomena may l>e observed in the stomach. Mechanical 
stimulation by inert bodies, such as stones, provokes no secretion ; 
but the suggestion of a meal or the sight of food is sufficient to call 
forth a large quantity of gastric juice. Tlie quantity and quality of 
tlie gastric juice are regulated by the quantity and quality of the food. 
Bread given to a dog provokes the secretion of a gastric juice endowed 
with the greatest digestive power. That which flows after the ingestion 
of milk contains only one- fourth as much pepsin. 

In spite of these differenol^ in the gastric secretion in relation 
to food, Pawloft* and his pupils have never been able to assure 
themselves that there was any prolonged and chronic adaptation of 
the gastric function. They were struck by the uniformity of the 
digestive power of a great number of their dogs. Samoiloff* bad 
under observation three dogs placed on different diets. In spite of 
the very long periods during which these diets were given, the gastric 
juice, in all the dogs, presented the same properties and manifested 
no appreciable difference. This result harmonises with that indicated 
above as obtained in the Actinians fed with blood by Mesnil. In spite 
of repeated feedings on blood from the same species of animal, the 
extract from the mesenterial filaments was in no way different from 
that of the fasting Actinians used for control. 

The pancreatic secretion is, in many respects, a more i)erfect type. 
We have here to do with the principal agent in the digestive function, 
without which the organism could not continue to exist. The advances 
made in surgery have enabled us to remove the stomach, first in the 
dog and then in man, and there are already several persons* from 
whom the stomach has been removed and who, in spite of this 
operation, have continued to live. A portion of the small intestine 
may also be removed, but, in order that life may not be endangered, 
a considerable portion of it must be left intact. It is evident then 
that the pancreatic digestion is an adminibly organised function both 
in animals and in man. One of the main regulators of this process of 
digestion consists in the great sensitiveness of the intestinal mucous 
membrane. Just as the organs of the buccal cavity possess in the 

^ Arch, d. sc. hioL, St.-Petersb., 1893, t. ir, p. CDS. 

^ Cf. Bull, Acad, de med.y Paris, 1901, p. 17. 
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specific sense of taste an excellent means of discrimination in tlie 
choice of foods^ so the mucous membrane of the small intestine is 
endowed with a special sensitiveness, comparable to the chemiotaxis 
of unicellular organisms and of the cells of more highly developed 
organisms. Hirsch and Mehring have satisfied themselves that the 
passage of the contents of the stomach through the pyloric orifice 
depends on a reflex mechanism which proceeds from the upper 
reaches of the small intestine. To the researches of the school of 
Pawlolf, however, we owe what light has been thrown on this question. 
The duodenal mucous membrane is endo^ved with a well-developed 
chenuotaxis for acid substances. The passage of the acid content 
of the stomach into the duodenum determines this chemiotaxis and 
brings about a secretion of alkaline juice which neutralises the acid. 
This contest between acid and alkali forcibly calls to our mind the 
analogous phenomena in those plants that defend themselves against 
the alkaline secretions of j^arasites by the production of an acid (see 
Chapter II). As in these lower organisms, this battle of the chemical 
secretions is regulated by the action of living and sensitive i)arts. 

When the acidity of the mass which passes through the pylorus is 
too marked, the reflex contraction starting from the duodenal mucosa 
arrests its passage. Then takes jdace a neutralisation of the acid, 
thanks to the alkaline secretion, and the pylorus is again allowed to 
open. This mechanism thus regulates the passage of the contents 
of the stomach into the duodenum, the passage taking iflace in 
instalments. 

[60] The sensitive intestinal mucous membrane can estimate not only 
the degree of acidity, but also the other chemical characters of the 
aliments which pass into the duodenum. Tliis chemiotaxis is, as it 
were, the starting point of the reflex action which excites the x^an- 
creatic secretion with its contained three ferments. The i)assage of 
broad through the i)ylorus excites the secretion of a juice very rich in 
amylase and very poor in saxionase. The passage of milk into the 
duodenum brings forth, on the other hand, a juice very much richer 
in saponase but iioorer in amylase and in tryi:)sin. Flesh-meat 
provokes the secretion of a x>ancreatic juice which is less rich in 
amylase than the juice poured on bread, but richer in saponase. Fat 
causes the secretion of a juice still richer in saponase than is the juice 
poured out in the presence of bread or milk. Tliese facts now 
carefuiyf established — esj^ecially by Walter^ — demonstrate that the 
1 Arcfi. d, sc. hiol.y St.-Petersb., 1899, t. vii, p, 1. 
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paticr^tic ftmction as regards its adaptation to: 

the diameters of the food substances on which it is to act. Such 
adaptation may even become permanent.. 

Whilst, as already stated, the stomach, under the influence of a fixed 
diet, is incapable of eflecting any lasting modification in the composition 
of its secreted juice, the pancreas may reach this degree of perfection. 
>Mien a dog is fed for several weeks oh bread or on milk and is then 
placed on flesh diet its pancreatic juice is found to become progres- 
sively richer in trypsin. Whilst this augmentation of the proteolytic 
power is being brought about, the juice becomes poorer and poorer in 
amylase. Wassiliefif^ has carried out a large number of experiments 
on this point and has demonstrated a very remarkable adaptation 
of the pancreatic juice to the wants of nutrition, an adaptation that 
may become permanent. A dog which has been accustomed to digest 
bi’ead and milk adaxits itself to this nourishment : its pancreatic juice 
contains less and less trypsin, but, on the other hand, becomes richer 
in amylase. Pawloff observed that in dogs great variations in the 
composition of the pancreatic juice arc often present ; this he attributes 
to the diet to which these animals had been previously subjected. 

Not only does the quality of the digestive juices accommodate itself 
to the wants of digestion ; their quantity also undergoes variations 
according to the part that these juices have to play. Thus, Pawloif 
has observed that his dogs secreted a saliva which was very fluid and 
very abundant w^hen he gave them acids, bitter substances or other sub- [ 70 ] 
stances they did not like. On the other hand, the presence of food in 
the month, of even tlie sight of it, excited the secretion of a thick saliva 
containing a large quantity of mucin. In the first case the part played 
by the saliva was that of diluting the injurious suVjstances as much as 
possible, in the second that of facilitating the deglutition of the food. 

In general the organism manifests a tendency to. produce more 
digestive ferments than it actually needs for digestion. It is for this 
reason probjibly that they are oftpn found outside the digestive canal. 
Among these ferments pepsin and amylase, especially, have been 
definitely proved to be present in the urine of man and of some 
mammals, notiibly the dog. The data as to rennet and trypsin are 
not so well estJiblished. But, as several of these ferments, such as 
amylase and trypsin, may be derived from severaP sources in the 
organism, their elimination by the urine is less important for the 
thesis I have just formulated than is that of pepsin. 

^ Arch. d. sc. bioL^ St-P6tersb., 1893, t. ir, p. 219. 
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Pepsin was found in the urine by Briicke exactly forty years ago. 
. It is more frequently found in the morning urine, but is absent from 
that passed immediately after the principal meal. Leo and Senator* 
found only traces of pepsin during tlie prolonged fast of the* Italian 
Cetti ; but the day he broke his fast they were able to demonstrate 
^ the presence of a considerable quantity of this ferment in his urine. 

Delezenne and Froin, with the object of seeking the source of the 
urinary pepsin, extirpated the stomach of a dog. After the animal 
: had recovered, they fed it well and examined its urine at different 
periods of the day. By the methods which had shown tlic' presence of 
pepsin in all the normal dogs taken as controls tlicy could never 
discover the faintest trace of this diastase in tlie urine of the dog that 
hatl been operated upon. On the other liand, the urine of a dog 
whose stomach had simply been isolated, contained very much the same 
quantity of pepsin as that of normal dogs. Tliis experiment proved 
among other things that the pepsin, before it could be eliminated by 
the kidneys, must have been re-absorbed by the wall of the stomach. 

[71] From these data, combined, it must therefore be admitted that the 
pepsin found in the blood and whiclj pas.ses thence into the urine can 
only be of gastric origin. As it serves no useful purpose in the organ- 
ism wo must conclude that a portion of the pepsin, secreted by the 
stomach and not used for digestion, has been rejected as superfluous. 

The study of the digestive function of animals gives us information 
on a large number of points of the highest inqmrtance for the com- 
Iffehension of immunity. Intracellular digestion, a function so widely 
distributed in tlie lower animals, is very intimately couneeted with the 
phenomena which are observed when micro-organisms are de.stroyed in 
the animal organism. Extracellular digestion funiishes us with infonna- 
tion concerning many of the features of progressive adaptation, similar 
to those which are observed in connection with acquired immunity. 

When we examine the phenomena of intracellular digestion and 
those of secretory digestion as a >Hiole, we see that, in both, the 
chemical processes are subjected to the influence of the living parts 
of the organism. In the lower animals, it is the protoplasm of the 
amoeboid cells which regulates the chemical processes in digestion; 
in the higher animals, this roU is taken by a very complicated 
apparatus, in which the nervous system plays a predominant part. 

^ Virchow's Archir, 1893, Suppl. to Bd. Cxxxi, S. 142. The question of urinary 
ferments is summarised in Neubauer u. Vogel’s “Analyse des Uarns,” Wiesbaden, 
1898, a 699. 
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RESORPTION OF THE FORMED ELEMENTS 

Digestion in the tissues. — Resorption of cells in tho Invertebrata. — Resorption of red 
corpuscles by tho phagocytes of the Vertebrata. — Phagocytes. — Various cate- 
gories of these cells. — Macrophages and niicrophages. — Part played by macro- 
phages in the resorption of the formed olcmcuts. — Digestive property of the 
inacrophagic organs. — Solution of . tho red blood corpuscles by the blood 
serums. — TIio two substances which operate in haemolysis. Maerocytase and 
fixative. — Analogy of tho latter with enterokynaso. — Escape of the maerocytase 
during phagolysis. Suppression of phagolysis. Resorption of the spermatozoa. — 
Presence of fixatives in plasmas. — Origin of fixatives. 


It is usually uiulei’stood that nutritive substances must necessarily 
be subjected to tho influence of the digestive juices in the gastro- 
intestinal canal before they can be utilised for the nutrition of 
the organism. This is a very old idea. It was based on a well- 
known experiment by Schiff who injected several animals intra- 
venously with solutions of cane sugar and egg albumen and others 
with the same substances after they had been artificially digested. In 
the first case the food substances passed into the urine, in the second 
they only appeared there when injected in largo quantities. 

At the recent International Congress of Medicine held in i^aris in 
1900, tho question of extra-buccal nutrition was much discussed\ It 
has been accepted that fats, when injected into the subcutaneous 
tissues, are, at least in part, absorbed by the organism, but that 
carbo-hydrates and albuminoids are never absorbed. This is perhaps 
true from the point of view of clinical medicine. But, in principle, it 
must be admitted that food substances of very diverse natures, when 
introduced into tho organism by channels other than the gastro-[73] 
intestinal canal, still undergo profound changes. 

^ Compt, rend, da XITI^ Congr^s intermit, de MM., Paris, 1901. Leube, Ueber 
extrabuccalo EmahruDg,** in “ Deutsche Kliuik am Eingange d. XX. Jahrhuiidorts/^ 
Wien u. Leipzig, 1901, l, S. 64. 
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W or white of egg, that is to say; 

materials very rich in ^ substances, under the skin or into 

the peritoneal cavity of laboratory animals, we find that after a time 
they disappear. At the same time they give rise to modifications of 
the organism which indicate that these injected substances have there 
undergone profound changes. 

After injecting eePs serum into rabbits, Th. Tchistovitch' found 
a substance in the blood of the injected animals which gave a 
precipitate with eeFs serum. Shortly afterwards Bordet" observed 
that the blood of animals into which he had injected cow^s milk 
acquired a new property : it gave a precipitate with this milk, a con- 
dition never observed in the semm of untreated animals. 

The injection of white of egg into rabbits, carried out by Myers® 
and Uhlenhnth^, brought about the same changes in the blood serum. 
The researches of tlie latter of these two observers have for our 
present purpose a special interest. He demonstrated first that the in- 
jection of white of egg into the peritoneal cavity of rabbits was followed 
by the appearance in the blood seram of these animals of a substance 
which precipitates egg albumen in vitro. Uhlenhuth then obtained 
this same acquired i>roperty of the blood in rabbits which had been 
made to swallow a considerable quantity of the white of hens' eggs. 
Twenty-four days after the commencement of this regimen the serum 
of the rabbits precipitated white of egg in the test-tube. This example 
afibrds a marked analogy between the results of digestion in the 
alimentary canal and those of resorption into the tissues. Uhlenhuth 
points out, indeed, that his rabbits which received the injections of 
white of egg into the peritoneal cavity flourished under this treatment. 

A certain number of similar examples are now recognised. They 
all indicate tliat various nutritive substances, Avhen introduced into 
the peritoneal cavity or under the skin of animals, are retained there 
for a longer or shorter time and are subjected to certain modifying 
influences on the part of the organism. The proof that these 
[74] substances are not eliminated intact by the kidneys has been 
furnished by a large number of experiments. Recently Lindemann® 
and Nifodielf*, working in my laboratory, have established the fact 

1 Ann. de VJnst, Pasteur, Paris, 1899, t. xin, p, 406. 

^ Ann. de Vlnsi. Pasteur, Paris, 1899, t. xiii, p. 225. 

» Centralhl./, BakterioL u. Parasitenk, Jena, 1900, Abt, Bd. xxviii, 8, 237. 

^ J)eutsc/iemed. Leipzig, 1900, S. 734. 

® .4nn. de flnst. Pasteur, Paris, 1900, t xiv, p. 49. 

® Ann. de Vlmt. Pasteur, Paris, 1901, t xv, p. 17. 



that normal blood serum, when injected under the skin of 
does not provoke albuminuria at all, or at least produces it in a very 
insignificant and transitory degree. 

Th by which the organism modifies those nutritive 

substances, introduced by a channel other than the digestive canal, is 
not as yet sufliciently known; and is therefore not easy to define. 
But we knoAv, very definitely, that each injection of serum, whether 
of white of egg, milk or fatty matter, is followed by a rather consider- 
able aseptic inflammation at the point at which these substances are 
introduced. We might conclude from this that the organism digests 
the food substances outside the gastro-intestinal canal, by means of 
an inflammatory reaction. In order to determine more exactly the 
phenomena that appear under these conditions, it may be useful to 
consider first, not the fluid substances but the solid elements tliat are 
introduced into the tissues and cavities. 

Let us begin with the lower animals in which the anatomical 
organisation and all the functions are of a much more simple 
character than they are in the Vertebrata. In my Comparative 
Pathology of Inflammation (Lecture IV) I have directed some 
attention to the digestion of the Sponges. 

The nutritive substances — small organisms — whether they may : 
have entered by the small openings, so numerous on the surface of 
Sponges, or have been introduced through a rent in the body wall, 
undergo the same fate. They are seized by vibratile or amoeboid 
cells which ingest the food and digest it by an intracellular digestion. 
These two kinds of cells, which come under the category of Phagocytes, 
have a great resemblance to one another, and we may say that 
digestion and resorption are two very closely related phenomena. 

When we examine somewhat higher Invertebrata, such as the 
Medusae or certain other Coelenterates, we can still trace a close 
analogy between the true digestion of the food that goes on within 
the epithelial cells of the entoderm and the resorption of certain 
foreign bodies which make their way by an extm-buccal channel into 
the intermediary tissue. Here these bodies are surrounded by 
amoeboid cells which fulfil their fiinction as phagocytes by ingesting [75] 
and digesting the substances that have come from outside. 

It is, here, unnecessary to go over the whole gamut of the 
perfecting of the organisation of the Invertebrata, in its relation 
to the resorption of foreign bodies, especially as it has already 
been treated in my Lectures on Inflammation. Let us choose 
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/of the invertelNrata mi dwell for a few moments bn the phenomeini 
^miiifested In their organism, into the midst of which have been 
Introduced a few nucleated red blood corpuscles*. 

•; If a small drop of deflbrinated blood from a goose be injected 
beneath the skin of a snail and another under the skin of a cockcbafei 
Jdarva, the red corpuscles are disseminated in the blood fluid which, ot 
• itself, is incapable of modifying them, but at the end of a few hours 
/ the leucocytes of the two invertebrates that we have chosen for the 
J experiment will have ingested a certain number of the injected 
: red blood corpuscles. The next day red blood corpuscles are still to 
be found intact in the blood plasma, but the great mjyority have been 
devoured by the leucocytes (Fig. 13). Inside these cells the red 
corpuscles undergo constant and marked citanges. In the snail they 
, become round and their walls permeable. In the vacuoles that are 
produced around the ingested red corpuscles dissolved haemoglobin 
is found (Pig. 14) ; a portion of this colouring matter passes into the 
nucleus of the red corpuscles, so that it also has undergone a pro- 
found change (Fig. 14). Many of the nuclei become emptied, only 
t^^ peripheral layer remaining. This layer and the membrane of the 
red corpuscle are the parts that resist the action of the leucocytes 
longest and they are found for some time after their ingestion. The 
white corpuscles of the snail, having devoured one or more red 
corpuscles, may themselves become the prey of their fellows. 

In the “ ver blanc” (French popular name for the larva of the 
cockchafer) the phenomena of resorption of the red corpuscles of the 
goose resemble those just described. Tlie blood plasma leaves intact 
the red corpuscles which undergo no change until they have been 
ingested by the leucocytes. The haemoglobin diffuses into the 
leucocyte, whilst the nucleus and the membrane persist for a very 
[76] considerable period (Fig. 16), 'though they lose their normal aspect, 

: shrivel, and become transfonned into an irregular mass of brown 

{ 77 ]pigment which may remain in the substance of the leucocyte 
' (Fig. 16, jp) for weeks. 

Having once injected goose’s blood into snails and“vere blaues," 
if we repeat the injection several times, the phenomena observed ares 

* The regorption of the red blood corpneclee by the phagocytes of larvae of 
of PhplHrhcS has been described in my pSper on ihtrS-; 
cellula^Plestion in the Invertebrates in Arb, a, d. ZooL ln»t. d. Univ. tVien, 1889, 
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Fig. 13. Leucocytes of a cookcliafer larva 
containing red blood corpuscles of 
a goose. 



Pig. 15, Leucocyte of a cockcliafer larva, Pio. 16. Leucocyte from peritoneal-cavity 
7 days after last injection of goose’s of a gold-fish after ingesting red blood 

blood. corpUBoles of a guinea-pig. 

chapter in discussing the intracellular digestion of the red corpuscles 
by the intestinal cells of the Planariana In both cases the red eor^ 
pusries are seized by amoeboid cells and subjected to the influence of 



Fio. 14. Red blood corpuscles of a goose, 
free, and ingested by leucocytes of a 
snail [Helix jpo/mtia), 24 hours after 
their injection. 
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their contents. In the intestinal i)liagocytes of tlic Planarian, as in 
tlie phagocytes of the blood (leucocytes) of the snail and “ver blanc,” 
the haeinogloliin did’nses through the wall of the red corpuscle, 
M-hose most resistant parts are the nucleus and the membrane. These 
re8i.stant residual fragments, impregnated with haemoglobin, become 
bromi in the Planarian, in the “ver blanc,” and also, but in a less 
degree, in the snail. The most apin’eciable difference consists in 
the formation of cxcretoiy vacuoles, containing conci’ctions, in the 
Planarian, and the absence of these vacuoles in the blood phagocytes 
of the other fnvertebrata. We have, however, less right to attribute 
a fundamental importance to this ditference, in that the ijhcnomena in 
the Actinians, which ingest the red blood corpuscles by tlie amoeboid 
cells of their entodenn, are in all respects (with the exception of tlie 
presence of these s[)ecial excretory vacuoles) comparable to the 
phenomena observed in the Planarians. From the tact that in these 
two examjiles we have to do with a true intracellular digestion, it 
must be admitted that the modifications of the red blood corpuscles 
w'ithin the phagocytes of the blood in the snail and in the larva of the 
cockchafer, must also be placed in tlie same category of phenomena. 

In order to make a more thorough study of this intracellular 
digestion in the phagocytes of tlic blood, we must direct our attention 
to larger and more highly organised animals than the snail and the 
“ver blanc.” Let us take, tirat, an examjile among the inferior 
cold-blomled Vertebrata. The red lilood corpuscles of a few drojis 
(0'2.'j c.c.) of the blood of a guinea-pig injected into the peritoneal cavity 
of a gohl-fish (Cj/prhms <mratus) are not apiireciably changed liy the 
peritoneal fluid itself ; but the numerous leucocytes that are found in 
[7S] the peritoneal fluid seize them and ingest them, just as do the phago- 
cytes of the blood of Invcrtebrata, or the intestinal jihagocytes in the 
Planarians and Actinians in the case, of the red blood corjiuscles of 
the goose. Faeh leucocyte of the Cpprinm ingests several red blood 
corpuscles and sulijects them to intracellular digestion. The stroma 
of the red corpuscles becomes iicrmeable ; the haemoglobin diffuses 
into the iiutntive vacuoles and at the end of a shorter or longer period 
the whole is dissolved and decolorised (Fig. 16). Here no brown 
pigment is produced and the red corimscles are completely digested, 
leaving no “ remains”; in this respect differing from the process in the 
Invertebrata mentioned. 

This I’csult depends, probably, imrtly upon the more feeble resist- 
ance offered by the non-nucleated red corpuscles of Mammals, and 
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partly upon the more active digestive power of tlic leucocytes of 
Fishes. 

As the result of several injections of guinea-pig’s blood iuto the 
peritoneal cavity of Ci/pnims, the peritoneal fluid accpiii-es new 
properties*. If, a fortnight after the fii*st injection, a little of the 
peritoneal exudation in the gold-fish be withdrawn, it is found that 
a drop of the serum which floats on the surface produces, almost 
immediately, wcll-marke<l agglutination of the red corpuscles of the 
guinea-pig, this being soon followed by the rapid solution of these 
red blood corpuscles in the fluid. This new property, which does not 
exist in the untreated fish, also makes its appearance in the blood 
scrum of Cyprini treated with guinea-pig’s l)lood. The experiment 
is very successful at a temperature of Itr — in’O. 

As tlic solution or lysis of the red blood corpuscles in the scrum 
is exactly like that which takes place within tlic leucocytes of 
Cyprinm, we arc justified in assuming that, in both cases, it is 
produced by the same sulistancc. And, since tlie solvent or haemo- 
lytic power of the serum is only acipiired as the result of the 
intracellular digestion of the red blood corpuscles by the leucocytes, 
it is probable that the solvent substance represents the intracellular 
ferment derived from the leucocytes. 

Till' subject we have just broached is of fundamental importance 
in connection with the study of resorption and of the phenomena of 
immunity deiicndent upon it. It is nccessaiy, therefore, that wo 
should go more fully into its analysis. With this object we must first 
review' the processes tliat go on during resorption in the higher 
animals and continue our examination of the changes that injected [79] 
or extravasateil blood undergoes in various positions of the organism. 

This study is rendered comjiaratively easy for us by the numerous 
researches that have been cai’ried out by pathological anatomists for 
the purpose of ascertaining the fate of clfusions or extravasations of 
blood so freipiently met with in disease. It has long been known that 
ill subcutaneous, cerebral and otlier haemorrhages, or in hepatised 
lungs, there are found in the esciiped blood a great number of cells 
containing red corpuscles. As was mentioned in the preceding chapter, 
these cells were evidently amoeboid cells that had ingested red blood 
corpuscles. To Langhans* especially we own a detailed study of the 

* 1 have only been able to discover the baomolytic property of tljo scrums of 
Cyprinns after the third injection of guinea-pig’s blood. 

2 VirrJmn’g Arddr, 1870, Hd. xnx, 8. 66. 
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phenomena that follow extravasation of blood produced artificially in 
the subcutaneous tissue of the pigeon, nibbit and guinea-pig. In all 
these animals the haemorrhage is early folloAved by exudative inflam- 
mation, during which the leuciwytes come up in great numbers and 
ingest the red blood corpuscles which arc modified in the interior of 
the leucocytes. TImre is a formation or deposition of ])igment and 
finally all truces of the red cor[>uscles disappear. In Mammals the 
pigment is bn)wn or brownisli, just as it is in the I'lanarians and 
in the “ver blanc”; in the pigeon it is green and resembles that 
fmind in the Actinians. In short there is a great analogy between 
the resorption of red corjmsclcs and the tnie inti'acellular digestion of 
the red blood corpuscles that goes on in the intestinal cells of the 
Invertebrata. 

Tint what is the nature of these amoeboid elements that intervene 
in the resorption of the extnivasated blood ? At the period when 
Langhans carried out his investigation, we W'crc unable to difl’erentiate 
the cells at all satisfactorilv. It is only since the publication of 
Ehi’lich’s classic researches on the white corpuscles tliat we have 
been able to bring more order into this question. Tlianks to the use 
of various aniline stains, Ehrlich was able to arrange* the leucocytes 
found in the V'^ertebmta into several definite grouj)s. 

The question lias already been touched iqion in our eighth lecture 
on inflammation ; it is therefore unnecessary to treat it here at length. 
We must, liowever, before entering on the analysis of the essential 
plicuomena in the resorption of cells, as w*e now miderstand them, 
give a rapid survey of the dilferent varieties of amoeboid cells tliat are 
found in the Vertebnita. 

[ 80 ] llesidc mobile amoeboid cells, represented by' several forms of 
white coiqmscles, we must distinguish fixed amoeboid cells. These 
are permanently fixed in certain situations in the body; tliis, liowever, 
in no way prevents them from throwing out amoeboid processes in 
various directions and seizing foreign bodies or certain elements 
of the same organism. The nerve cells, the large cells of the s})lcnic 
pulp and of the lymphatic glands, certain endothelial cells, the cells 
of the neuroglia, and perhaps some connective tissue cells, belong to 
the category of fixed amoeboid cells. All these elements, under 
certain conditions, are able to ingest solid liodics ; consequently', they 
act as phagocytes. With the exc-eption of the cells of the nerve 
centres, all these fixed jthagocytes arc t)f mesoldastic origin. It has 
been ipuch discussed whethej* certain i)rocesses of the nerve cells may 
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not really serve to seize foreign bodies and carry them into the cell 
contents. It api^ears to us that sometimes they undoubtedly do fulfil 
this function. For example, it is only by means of sucli amoeboid 
movements that leprosy bacilli can be introduced into the interior of 
ganglion cells and cells of the spinal cord\ We must not (bvcll 
on this question, as the phagoc^^tic pro|>erty of tlie nerve elements 
plays no part in the resorption of cells. On the other hand, the 
neuroglia cells contribute largely to this process and their phagocytic 
function is now admitted by many observers'^. 

For long the large ‘Must’^ cells of the respiratory channels were 
looked u|)on as being epithelial cells which were capable of ingesting 
carl)on particles, micro-organisms and other foreign bodies. The re- 
searches of N. Tchistovitch, carried out in my laboratory more than 
twelve years ago, made it evident that these elements are nothing 
more than white coi-puscles that have inimigrate<l into the alveoli 
and bronchi. 

It is probable that the same is the case as regards the stellate cells 
of the liver, known as Kn|)irer’s cells. First described by Ku|)ffer 
as cells of a nervous type, liaving long xn’oeesses, they were later 
recognised by several observers as belonging to tlie endothelial [si] 
tissue of the blood vessels of the liver. Kupfter® himself has ac- 
cepted this view and in his recently puldished Tnonogra|)h on these 
stellate cells, he describes them as midothelial cells that have 
retained their indei)endence. Some researches on tlie resorption 
of blood, of which 1 shall speak shorth-, have led me to think 
that these cells are nothing but white coipuscles that have been 
arrested in the hepatic capillaries, I have asked Mesnil, head of 
my lal)oratoiy, to study this question for me. Ilis investigation is not 
yet concluded, but the demonstration already made that tlie livers 
of guinea-pig end)ryos and new-born rabbits do not j)ossess any 
Kiipfler’s cells is an argument in favour of my hypothesis. 

Certain wliitc corpuscles have undoubtedly been often mistaken 
for epithelial or connective tissue cells. We must not conclude from 
tliis, however, that these elements are never capable of sending out 
amoeboid xu’ocesscs and of ingesting foreign bo<lies. It wonUI, how- 
ever, be useful to collect new and incontestable proofs of the 

^ Soudakcwitoli, Beitr. z. path. Anat.y Jena, 1SS8, Bd. ii, S, J21), iind 

Babes, Untersiichiin^en libcr den Leprabacillus,” Berlin, ] S. /58. 

2 Marinesco, Cornpt, rend. Soc. de BinL. i’aris, l.SSG, p. 726, 

^ Arc/i.f. mikr. Anal., Bonn, lS9y, Bd. Liv, S. 254. 
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accuracy of this thesis. • In spite of this uncertainty, it may be 
ucceijterl as fully demonstrated, that certain fixed amoeboid cells, 
such as the large elements of the splenic pulp, of the lymphatic 
glands, and of the oineutnm, play an important part in the resorption 
of cells. It is there that elements filled with red corpuscles and 
wliite corpuscles in process of being destroyed are so often found. 

Just as certain fixed cells do not function as true phagocytes, 
so also in some leucocytes this function is undoubtedly absent. The 
suggestion has been made several times that any cell element, 
provided it be yoking, is capable of ingesting foreign bodies. The 
examination of Avliite corpuscles proves exactly the contraiy. The 
smaller white corpuscles found in fairly large numbers in the blood 
and the lymph, and which arc commonly known as himphocytCH or 
sm.aU hjmphoentes, are simi)ly leucocytes with vciy little protoplasm 
wliicli in this state never fulfil phagocytic functions. It is only when it 
becomes older, when its nucleus, single and rich in chromatin, becomes 
surrounded by an ample layer of protojdasm, that the lymphocyte 
becomes capable of ingesting and resorbing foreign bodies. Several 
[ 82 ] authoi's, witli Ehrlich at tlieir head, still assign to these larger cells 
the same name— lymphocytes. Others, however, give them the name 
of large mononuclear cells. Confusion is thus possible, especially as 
Ehrlich includes under the same term the large mononucleated leuco- 
cyte, a vei'y l are form of cell in human blood, which is distinguished 
by the greater staining capacity of its nucleus. To avoid this incon- 
vetiicnee I pi-oi»ose to designate the large lymphocytes by the name 
of blood macrophages and lymph maci’ophages (laicinomacraphafffs, 
lyinplumiaci'ophuijcs). This term is preferable to that of mononuclear 
leucocytes, esjiccially as in exudations we frecpiently meet with macro- 
phages with two and even several shai-ply separated nuclei. Giant cells, 
moreover, are nothing but polynucleated macrophages. On the other 
hand, the leucocytes so often designated by the name of polynuclear in 
reality contain but a single nucleus. Even Ehrlich, who introduced this 
term, acknowledged its imperfection but he retained it for some time 
because it was already very extensively used and could, he thought, 
give rise to no misunderstanding. In his excellcjit work on anaemia, 
published jointly with Lazarus', he now agrees that the name of “ cells 
with polymoi’phous nuclei ” would be more exact. 

^ IShrlicb ii. Lazarus, “ Die Aiiaciuie,” in A’othnagors “Speciello Pathologie u, 
Thevapie/^ Wien, 181)8, Bd viii, Theil, S. 49. the authorised English trans- 
lation, “iiifitology of the Blood, Catnbridge, 1900, p. 7*1. 
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These polyinori>ho-iiuclear leucocytes are very immerous in the 
blood and in many exudations and are distinguished by the gi-eater 
selective affinity of their nucleus for basic aniline dyes and by 
fi certain tendency of the protoplasm to become stained by acid 
aniline coloiu’S, such as cosin. The true macrophages are without 
gninulations, but the “ polymorjdio-nuclcar ” leucocytes contaiii 
many. These granulations a)’c sometimes “ cosinophile,” “pscudo- 
eosinophile” (or “ amphophilc ”) or even “neutrophile” (as in man 
and the horse). 

These two main groups of leucocytes are generally distributed in 
the Vcrtebiata ; and we already meet with them in one of the lowest 
vertebrate fonns — the Animocoetcs (the larva of the lamprey). The 
macrophages of this fish piesent all the principal characters of the 
group to which they belong (protoplasm without granules, easily 
stained w ith methylene blue, large nucknis rich in nuclear juice). In [83] 
the “ jjolynuclear '’ forms in this lower vertebrate the [)rotoplasm does 
not stain with methylene blue, but .assumes a faint rosy tint A^ith 
eosin ; the single nuchais is divided into seveival lobes. In Vertebrates 
Avhich are much higlier in the scale these chaivacters cliangc. Thus in 
the cayman {Alligator mmiHsipieims), according to the researches of 
Madame Po<lwyssotsky, carried out in ray laboratory, the two great 
varieties of leucocytes are readily found itx the bIoo<i, lymph and exxi- 
datious. The macrophages, however, cs[tecially in the exudations, .are 
very often furnished with two or several nuclei, Avhilst tlie small leuco- 
cytes possess onlj' a single nucleus, Avhich is not divided into lobes. In 
s)»ite of this peculiarity the tAVO groups arc readily distinguished. The 
staining reactions of the m.acro])hages are identical Avith those of the 
corresponding cortmscles in all tlie other Vertebrata; Avhilst the small 
leucocytes, in si)itc of the absence of a polymorphous nucleus, are easily 
recognised by their eosiuophile gr.anuliitions and by the special affinity 
of the nucleus for basic aniline dyes. Under these circumstances it 
Avould be (piite inapixropriate to design.atc those leucocytes, which are 
really polynuclear, thsit is to say, possessing tAvo or several nuclei, by 
the name of “mononuclear,” and to reserve the name of “i>oly- 
nuclcar ” for the small corpuscles Avhich possess only a single nucleus 
undivided into lobes. For this reason it is much more rational to 
retain for these so-called polynuclear cells my ixroposed name of 
microphages. Moreover, tlie microphages are true phagocytes. It 
Aras formerly thought that the eosinophile leucocytes, such as the 
“‘oA'crfcd’ cells (Mastzellcn) ” of Ehrlich, Avhich are identical Avith 
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tlie dasrnatocytes of Rtiiivier, never iiif^ested foreign bodies. But, 
(especially after the researches of MesniP), we luive been compelled 
to change our opinion on this ]>oint. The true eosinophile cells are 
able to devour foreign bodies, especially micro-organisms, and must 
therefore be regarded as phagocytes belonging to the group of 
inicrophages. 

It is the peculiar merit of Ehrlich and of his scliool that they have 
thorougldy established the fact tliat, in Mammals at any rate, the two 
prineijjal groups of white cells arc distinguished, amongst other 
chanictei*s, by the diversity of their orighn I'hc lymphocj tes and the 
monoiuiclear cells are devclo|K‘d in the sjdecii and lyni])hati(* glands, 
whilst th(^ ‘^'])olynuclear cells arise from the gi-anular inononuclcaled 
m}elocytes of the bone inai‘row. This is now generally accc])ted as 
81] applicalde in the great majority of cases, fu AmmororU however, 
tlio two chief varieties of leucoe\tcs mise from one and tlio same 
organ, n'garded by several observers as a kind of )>riinitive spleen, 
which runs along and in i>art surronnds the intestiiic. Mesiiil has 
been good enough to make sections of this juimitive organ in whii li 
it may be d(‘Uionstrated that the macrophag(‘s and the microplnges 
in the larva of the lam|>rey liave the sanu? scat; of origiiK Frog 
tadjades and (Cartilaginous Fishes also possess microphfiges wliich do 
not arise IVom tlic bone marrow, since in them tins tissue is eompleU‘ly 
absent. But even in Mammals, at least in certain pathological con- 
ditions, Doininici ^ in a research executed with much care and a 
perfect te(*hni(|uc, lias demonstrated the myelogeiions ti'ansformation 
going on in the sjdeen. Thus in the adult rabbit airccted witli 
septicaemia by the ty|)hoid baeillus, lie found in the spleen de 
vi'loiimcntal (.'(‘litres of amoeboid elcim‘nts whiclc normally, ap]>ear 
to deveh^p in the bone inarn»w only, /.c. tlic nK\ga(*ary<>c‘ytes, or large 
cells with luidding nuclei, the neutro])hile myclo('ytcs (ampliophiles ■, 
basojihiles and eosinoiihilcs. 

'J1io mesoblastic pluigocytos of the Yertebrata arc divided, then, 
into fixed pliagocytes— the rnaerojihages of the spleen, endothelia, 
connective tissue, neuroglia, and musele filwes — and free pliagocytes. 
These latka' are sometimes liaemo-or lympho-maerophages, sometimes 
micro] ihages. 'Hie fixed macrophages and the free macrophages re- 
semble one another so greatly that it is very often extremely ditlicult, 
if not imi)ossil>le, to differentiate them. For this reason it is often 

^ AiUL (/.' riuaf, PasU'ttr, raris. isri.y t. jx, \>, ;'0I. 

- y/rr/z. /A’ rn.ai. runs, 1901, i xui, p. 1, 
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revy uf^eful, when the exact origin of a large i)hagocyte is not 
known, sinn)ly to name it “ macrophage/’ 

Tlie two principal groups of phagocytes — (1) ti\e<l and free 
macrophages, (ti) inicro])hagcs— are distinguislied not only by their 
morphological characters ; they also give evidence of very maiiicd 
])liysi()logical diHci*ences. All phagocytes are endowed with amoeboid 
moveineiit which allows them either to move about i'reely or merely 
to put out i>rotoj)lasniic processes, 'rhesc movements are regulated by 
a very great sensitiveness, (jfteu diirerent in the two groni)s. Besides 
a tactile S(‘iis(*, tlie i>hagocytes possess a kind of s:ense of taste or 
ehemiotaxis which enables them to distinguish the chemical com* 
jK)sitiou of the substances with wliich they come in contaet. The 
existence of this ciuaniotaxis could be anticipated from the moment 
that an iin])ortant part in the life of the organism began to be 
ascribed to the amoeboid cells. T4el)cr\ Massart and (diaries Bordet*-^ 
liave, Imwever, demonstrated it In' rigorous e\]H*rimetit. tYdlowiiig 
the method used liy Bfetler to demonstrate the ehemiotaxis of the 
vegelni)U; s[)ermato/oids and of Bacteria, thesis investigators inti'o- 
duced into tiic bodies of higher (rabbits and guinea jiigs: and lowei* 
(frogs) Vertel>rates small glass tulu's filled vvitli diirerent solutions 
(l)ei>tum‘, lu'oth, s:dts, liacterial products, etc.;. The lemoeytos, 
guided l)y their positive ehemiotaxis, made their way into the 
tulies aiid then’ foi'ined [dugs which were often very voluminous; 
when, on the otliei* hand, the ehemieal composition of the solutions 
excited their negative eljemiotaxis, the leuco(’ytes avoided the tub(\s. 

Having acijuired information as to the chief cliaracters of the 
leueoeytes, we may ask, 1V) whicli grou[> do tliose aiiioeboid ccdls, 
which, according to the observations of Langhans and many other 
investigators, bring about the resor|)tiou of the red corpuscles of tho 
blood, belong? This resorjdioii goes on more ra[)idly and is obsei’ved 
much licttcr if, instead of introducing blood of tlic same species iiito 
any [)art, we inject dcdilirinatcd blood, or red blood coi’[mscles from 
which the serum has been removed by washing, from another s})cc*ics 
of Vertebrate. It will be found best to inject the nucleated red 
corpu>ch's of lower VerUdirates into AI animals, or (as ah*(‘ady de- 
scribed above) to iiitrodnee the nou-imcleated red blood corpuscles 
of Mammals into lower Vertebrates, In all those cases the injection 

1 Forifichr. d. Aff’d., Berlin, ISSS, litl. vi, 8. 4«;0 ; KnisUhnng der 

Ent/Jindmig," L<‘ipzig, iSfll. 

- Journ, /add. />(tr la S(m% roy. d. Sc, tufd, cl rtal. do 18!)0, 3 tcb. 
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of such blood or corptisclea sets up an aii>ci)tic inflamniatiou which 
attracts a large number of free j>ljagocytes to the seat of injection. 
In subcutaneous, peritoneal or intraocular ev\iulations produced 
under these conditions, we find, in addition to a nuiiiber of micro- 
jdiages, many maci'oidiages. Whilst the funner ingest the injected 
red eorjniseles mei-ely in isolated cases, tlie i)Ositive cliemiotaxis 
of the macro[)liagcs manifests itself mucli more actively. In the 
resorption of the red 1)1(km1 corinisclcs tlje more important part is 
})layed by the maeropliage. To get a clear idea of the |>h(^no]nena 
] that accompany this resorption, let ns take a concrete example. 
Inject d(‘fU>rinated goose's blood into the ]»oritoneal cavity of guinca- 
l)igs\ During the first few hours aftei* injection the oval nucleated 
red eorpuscles are found intact in the fluid of tlie peritoneal lymidi. 
Tli(‘ plasma, l>y itself, exercises no destrnetive or solvent action on 
tljc red eorjniseles of tlic goose. 

Immediately after tlie injection the lymjdi of the jieritoneal cavity 
begins to sliow important eliaiiges. The white corjmscles which, in 
tlic normal condition, are fairly abundant, disa])i>ear almost com 
plctely ; some small lyinjjhocytes jii'csenting tlicir ordinary as[)c('t may 
indeed be found, but the few niaeroj)hages and the miero|)hages 
tlmt remain show signs of very grave lesions. Tlicy lose their 
mobility, run together into clumps and become ineaj)ablo of ing(‘sting 
foi'cagn Iiodies. At this moment the pliagocvtes undergo a critical 
change which we have designated by tlie name of This 

condition lasts for about an hour, sometimes it coiitinuos longer, 
aeeonling to ease and eirenmstance, but after this the j)critonc*al 
fluid becomes filled with lencoe\tes that have newly eomo on to the 
seeiie. Iliese cells make their way, by diapedesis, tlirougli the 
walls of the congested vessels of tlie jicritonenm. A true asejitic 
inflammation is in-odiiced which induees an exudation of a large 
number of white eorpuscles, amongst whi(*h are found micro])hages 
and still more Jiumeions macrojihages. The latter show a very 
l>inTiouneed jiositive cliemiotaxis towards tlm injected red coipuselcs 
of tlie goose. Soon after their aj^jiearaiice, that is to say two or three 
hours after the injection of the Idood, the maero| >hagos send out very 
small protoplasmic proc'csses and aflix tlicm to the surface of the re<l 
corpuscles. There follows an aggregation of the macrojihages of the 
guinea j)ig with the red corjiuscles of tlie goose and characteristic 
masses, in wliich can be recognised both kinds of cells, are juodueed. 

^ Jiut. ili' CInsL PoitU:iu\ raris, lS9y, t xiii, p. 7':! 2. 




;^his ttiiioii Tery small pseudopodia is the first stage iu tKe ; 

: ingestion of the red coipuscles by the macrophages (Fig. 17). The 
led corpuscle, seized by amoeboid processes, passes into the interior ; 
of the macrophage. This macrophage seldom rests contented with 
ingesting a single red corpuscle. Usually it devours a large number 
and sometimes enormous macrophages may be seen filled with a score 
of red corpuscles. 


If the quantity of goose’s blood injected into a guinea-pig is large 
(5— 7c.c.), the ingestion of red corpuscles by the macrophages con- [87] 
tinues for a considerable period — often for three to four days. 
During the whole of this time a certain number of the red corpuscles 
remain free in the peritoneal plasma, but, in spite of this prolonged 
stay, none of them undergo extracellular solution. 



Fio, 17. Macropliage of guinea-pig iu Fig. 18. Macrophage of guinea-pig in 
process of devouring and digesting red the act of ingesting and digesting red 
blood corpuscles of goose. corpuscles of goose. Intra vitam stain- 

ing with neutral red. 


The red blood corpuscles, anchored by the amoeboid processes of 
the macrophages, at first present a normal appearance. Later their 
membrane begins to wrinkle, but as soon as they have passed within 
the phagocytes the wrinkles disappear and the corpuscles regain their 
normal aspect. If a little neutral red solution be added to a drop of peri- 
toneal exudation (Fig. 18) we observe that tlie nucleus of the ingested 
red corpuscle and even its contents are stained red, whUst the red cor- 
pu^les adherent to the surface of the phagocytes retain their normal 
yellow colour. This reaction enables us to see that the red corj^uscles 
are seized by the macrophages whilst still in their iiomal condition, 
but that they undergo a change immediately after they have been 
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jnge>stcd. Little by little the devoured eorpuselcs are digested within 
tlic pliugocytea. The haenioglobiu <liflnseH into the contents of the 
macrophage tlirougli the stroma, which has become jienneable ; the 
iiuclens of the ingested red corpuscle also lx,‘comes stained by 
the haemoglobin. Part of tliis colouring matter is excreted by tlie 
[88] phagocyte. The IkhIv of the red eorpusele is pretty soon digested, 
but tlie nucleus, imin egnated with liaemoglobin, persists for a much 
longer period. It divides into several i’ragments, rceognisalde by their 
yellow colour, and in certain cases tliesc remnants of red corjmselos 
may be met with for weeks in the interior of the macrophages. These 
maci\)phages do not lenuiin permanently in the peritoneal fluid. 
Some (‘1-1) days after injection the lyui))h of the peritoneum 
contains only leueoeyte^ that have )iewly come up and whicli 
contain neither red corpuscles nor their remains. A\e must oi)en 
the guinea"i)ig to find any macrophages that have devoured red 
eoi'pnseles. Tljey are to be met witli iu large miml)ers in the 
glandular portion of tlie omentum, in the mesenteric glands, in the 
liver and in tlie S[)leen, They arc fairly easily recognised by the 
characteristic as[)ect of the dehrh of tlie red blood (a)r[iuscles. 
Having ilevoured the red corpuscles tlie macro])hages leave the 
peritoneal fluid and tlie digestion is completed in the positions 
just nienlioiicd. In the liver they are seen as large mononuclear 
cells often with higlily developed processes. In this condition they 
remind one of Kupfler’s stellate cells -a fact that suggested to im? 
the idea that tliese elements are nothing but white corpuscles whicli 
have immigrated into the vessels of the liver. 

Following up the fate of the macrophages that have resorbed 
the red blood corpuscles, we find them iu the laige he]>atic vessels, 
in the vena cava and even in ilu^ l>lood of the lieart. Put in 
these latter sltuatiims they contain merely a few scarcely recognisable 
traces of their prey. 'Hiese jihagocytes, which left the blood during 
the inflammation that followed the injection of rotl corjmsclcs (;f 
the goose, re cnb'i* it, having fulfilled tlieir function, during the final 
period of the resoi*i)tion. Tins resorjitiou must undonlitedly be 
regardial as an intracellular digestion. AVhen we comiiare the 
essential |)henomena taking place inside the macrojdiages containing 
red blood corpuscles witli those we have descrilied in the intestinal 
phagocy tes of tin* riauai-ians or Aetinians after a meal, the analogy 
between the two hecomes vciy apparent. In both eases tlie red blood 
eoi-puscles undergo a marked change which results in a diflusion of 
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the IjMeinoglobin. The membrane and nucleus of the red blood 
corpuscles persist longer but tlKW also are ultimately digested. The 
excretion of liaemoglobin from the phagocytes, just mentioned in the 
case of tlie macro|)Iiages of tlie guinea-pig, is also observed in the 
Actinians, whose coeleiiterie cavity is tinted by a rose-coloured solution. 

A\"e ha ve seen that in the Actinians intracellular digestion takes [S9] 
place in a distimdly acid medium, whilst ii» the intestinal cells of the 
Planarians it takes place in one that is only weakly acid. The 
macropliages of the guinea-pig, during the resorption of red blood, 
corpuscles of tlie goose, carry on the iligestive process in a medium 
which shows a still weaker aciility. When made to ingest granules of 
blue litmus there is no change of colour. Xor does alizarin sulpho- 
acid give any ri'action, probably owing to the fact that it exerts a 
toxic action on the |)rotoplasm of the macro|ihages. ff, however, we 
add to a drop of the peritoneal exudation of a guinea-pig, containing 
maerophages tilled with ixal blood eorimseles of the goose, a little of 
EhrlielTs i 7„^<>hdion of neutral red, the red l)riek tint at once makes 
its a]>iK‘aranco in the content of those phagocytes. Hus coloration 
is identical with tiuit described in tlie Amovhnr w hicli digest Ikieteria 
or in the intestinal phagocytes of the Planarjjuis. It may, then, be 
regarded as an indication of weak .acidity. This coloration is main- 
tained for soriK^ hours, after wliich it gives place to complete decolora- 
tion, a ])hcnomcnon that must be attributed, as in many other cases, 
to the neutralisation of the acid by the alkaline iirotojdasm that lias 
been macerated in tlie Iluid after tlie death of the macrojdiages. 

The exam|)lc wc have chosen the dcsti'iiction of red blood 

corpuscles of the goose by the macropliages of the gniiK^n iug— - 
may servo as a prototype of the resorption of formed elements in 
gcnei’al. If, instead of red blood coi*|mscles of the goose, we inject 
into the guinca-[)ig’s peritoneal cavity jiigeons or fowl s lilootl, tlie 
essential phenomena wall lie the same. The red Idood cor]>uscles A\ill 
always induce positive elKuniotaxis, esjieoially of the macrophages, 
which in turn will ingest tlie nucleated red cor|)uscles. It may be 
that in certain cases, Avlicn fowl’s blood coutaiiiing red corpiischs 
that arc not very resistant is injected, a certain number of the (tor- 
])uscles immediately undergo a partial solution in the peritoneal fluids 

’ Kroiurcclicr {Ccttfnrlhl. f. BakUrlrtL //. P(rra.slh‘nL. Abt., 

H(l. xxviJi, S. 5s8) has obtained a seriiin Avliiclt was (‘veai capablo of aitoring (he 
nuclei of tlie red corpuscles of the frog. These nuclei must l)e much less resistant 
than those of the red blood corpu.scles t>f birds, such as t)»e goose, fowl and pigeon. 

b— 2 
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Here uHo tlie stromas and the nuclei of all the red blood corpuscles, 
as well as many of the corpuscles unacted upon l>y the plasma of 
the phagolyse<l exudation, undergo digestion inside the macrophages. 

When, instead of blood, we inject white corpuscles from the bone 
marrow, spleen or lymphatic glands of animals into the ])eritoneal 
cavity, we may still ol>serve their final disa[»[)earance in the inaero- 
phages. 1’he spea-matozoa of man or of vjirious fuammals (bull, rabbit, 
guinea-pig, etc.), when injected int(» the peritoneal cavity of the 
guineapig or rabbit, are Avell adapted for this line of investigation. 
Here again tlK‘ imiiu'diate result of injec'tion is the very marked 
pliagolysis of the leucocytes. This phenomenon gives pliice to an 
exudative inflammation winch brings into the peritoneal cavity 
a numl)ci* of j)hagO(-ytes, These, <'siHH*ially the macroidiuges and in 
a much smaller degree ilu^ micro])hag(‘s. <lcvonr the s]»ennatozoa 
which in no case are <lissolved, even ])artially. in the ])lasma of the 
exudation, 'fhe inacTophage seizes tlie spermatozoa, wliich sennetimes, 
l)y the active movements of their flagella, exhibit great vihditv. At 
the end of several hours all the spermatozoa are found inside phago 
cytes where they are com|)letely destroyed. The Hagellum is <ligested 
first, but the head and medial portion soon suffer the same fate. 
>»'eutral red reveals the feebly aci<l reaction, perhaps with even more 
distinctness than in tlie case of the red blood c()r))uscles. 

The of Langhans’ investigation given in this chapter would 

h^ad us to expect that resoi-jition in the subcutaneous tissue will 
follow the same rules as tlait going on in the jieiitoncal cavity. As 
a matter of iiud, l)lood injected at tliis position sets ii)) a dia]KMlesis 
of phagocytes wliich ingest the re<l Iflood corpuscles. In some cases 
only is tlicrc a parti;d solution of these corpuscles in the fluid of 
the suliciilaiieous exudation. It is for this i-eason that goose's blood, 
injectefi iindc'r tiio skin of* a guinea-pig. gives i‘ise to a fluid exudation 
coloured a briglit rose re<l by the <lissolved haemoglobin. This 
liaeiuoglobiu is dci'ived from red lilood coqiuscles which are damaged 
by the goose's blood seium tliat was added to the plasma of the 
exudation. The stroma and nu(*lci of tlu^ red lilood corpuscles eannot, 
howevm*. be dissolved in this flni<l. They undergo the same fate as 
the red corpuscles tliat have remained intact, that is to say they are 
ingested by the macro])hages which immigrate into the subcutaneous 
tissue and which finally digest all tliese elements. The cells, less fragile 
than certain red (‘orjuiscles, are, in the subcutaneous tissue, as in the 
j>entoneal cavity, destroyed solely in the interior of the iihagocytes. 
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The analogy between the modifications undergone by the red 
blood corpuscles and other cells inside the macro[»hagcs and the 
clianges that take place in the iiitestiiial cells of Planarians and 
Actinians, suggests that the resorption of formed eleuuMits must [‘hJ 
undoubtedly be regarded as a true intracelluhu- digestion. It wouhl, 
however, be a very important matter to be able to supi>ort this com 
elusion by even more convincing proofs. The study of the artificial 
digestion that is observed in vitro in the case of the macerated mesen- 
terhd filaments of Actinians has furnished a very valuable argument in 
favour of the enzymatic nature of intracellular digestion. Animal 
exudations are not well adapted for this special line of stmly. We can 
only ol)tain them as the result of the injection of difi’erent substances, 
solid or fluid, winch are greedily absorl)ed by }>hagocytes. If we collect 
the exudations at a moment when the numl)er of these cells is still 
considerable we must witlidraw along witii them many digestive sub- 
stances which interfere with our ol)servation. We may therefoi*e with 
advantage turn oiu- attention to masses of phagocytes collected in 
organs. .\s it is maiidy the macrophages which eflect the resorj)tioii 
of cedis, it is evident that we must choose tlie centres where they are 
formed in older to investigate the digestive ferments. Let ns take, 
then, the lymphatic glands of the mesentery, the glandular j>ortion of 
the omentum and tin* s|>leen, the three ]>re-eniinently maerojihagic 
organs, and let us sec if, with an extract of them, pr(‘|)ared with 
physiological salt solution ((^70% of sodium cldoridc), any digestive 
cflect is to 1)0 obtained. 

Macerate the three organs mentioned of a guinea-pig and mix 
the extiacts thus obtained with re<l blood eoriiuscles of the goose, 
eoriniscles that have already given us information in eonnection with 
the phenomena of resorption in the living organism. In almost all 
the guint‘a-pigs a solution of the red blood eoi'puseles of tlic goose 
l>y the extract of the glanduhu* portion of the omentmn may luj 
observed. The moenteric glands likewise give an extract which 
in most cases lias a solvent action. The extract from the spleen is 
only active in a limited numlH‘r of cases. In all these i^xamples th(‘ 
extracts from niacro]>hagic organs bring about the solution of the 
haemoglobin, but leave intact the membrane and nucleus of the 
corpuscles. In this resjioct there exists, tfien, a certain diflerence 
between this and the digestion />f red cor|»useles: in th<‘ macrophages 
of exudations, where the membrane and even the nucleus are in the 
end completely dissolved. This diflerence may be ex|>Iainc<l by the 
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fact that ill the i^reparatioa of the extract hi physiological salt solution, 
one ])art only of the soluble digestive fcnnciit may be set at liberty* 

The solvent action of extracts of macropluigic organs must in fact 
02 1 be attributed to tlie presence of a soluble ferment in the cells of 
which these organs are made up. As the diastases are distinguished, 
in genei’al, by their great seirsitiveness to lieat, we tried the action of 
ovu* extracts after a [)rcliminary heating, when it was found that a 
tcmjjerature of oO' 0., applied for three quarters of an Injur, com- 
pletely abolislied the solvent action of the extracts u[)on the red blood 
c(>r[)uscles of the goose. The soliilde ferinent of macrojihagic organs, 
to which >ve proi)ose to give tlie name of ‘ or mac j-opliage 

ferment, is in many rcs])ects analogous to tlie aetino diastase of 
^desnil, described in tlie [ireecding chapter. 

Witli a view to olitain more complete information on the e> tases 
I suggest(?d to Tarassewiteh that he slionld make a detailed study 
of them ; this he has carried out in my laboratory. He lias demon- 
strated that the maerophagic organs of other manunnls than the 
guinea-j)ig\ especially those of the rabbit and dog, exert the same 
solvent action on the red blood corpuscles. He has also establislied 
the fact tliat this action applies not only to the red corimseles of the 
goose but extends also to those of sov(n*a! other birds and inainmals. 
larassewitch succeeded in conlirrning tlie injurious aelion oi‘ lieat on 
macrocytase. Extracts of macro[>hagic organs which contain niucli 
thhris in snspinision, when lieated for an hour at oo v>( in cei tain 
cases lose tlieir solvent jirojK-rty for reil Idood coriiuseles ; sometimes 
tliis tem|)ei*aturo brings about merely a wt'akening of tlie macroeytase. 
Tn order to destroy it surely and completely, the svisjuaisiuns must be 
luxated at oU f) (rJ C. for an hour. If, however, instead of heating 
the entire suspimsion, we iirst jiass it through filter paper, the clear 
tluid tiltrate is deprived of its diastatic action even after it has lieen 
heat(‘d at .'»a -.IC. for tliree quarters of an hour. 

Of all the other organs of which extracts have been kept in ]U'o- 
longed contact with tlie red blood corpuscles of birds, the jiaiicreas 
alone has shown a very well-marked digestive action. Jvxtraets of the 

^ Sonic yeai-s aj^o it was proposed to give the xianie of cyta.^o to the fennents 
which digest cellulose. Thus Laui'ont, in the work analysed in the .second chapter, 
a]))»lics it t(» tin* ferment secreted l»y the bacilli which attack the vegetable membrane. 
Wo think that the co11uI(»no ferment should V>e designated by the name of r(>fhtlos(tHe 
and Mult the name of cytasc would bo more suiiaido for a soluble ferment whicli 
iligests the cells. 
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salivary glands oxerted a feeble solvent action on a certain quantity of 
the rod corpuscles. The other organs, such as the liver, kidneys, 
brain, spinal cord, ovary, testicles, sui)rarenal capsules and placenta, 
exercised no such action, l^vcn bone inarron% in agi-eenient Avitli niy 
results published some years ago, sho\ve<] itself quite inactive. 

The blood seruvu of guinea-}>igs vvliich 1 emi>loyed in my researches, 
as well as that of tlie animals examined by Tarassewiteh, has not 
shown itself capable of <llssulving the red blood eorjuiseles of the 
goose, althougli the macrophagie organs dissolve tliem easily. It lias 
loiVg been known, however, that the serum of the blood of many 
animals will destroy the red corpuscles of a diilerent species. This 
demonstration was aflbrded during the [jcriod when alteriqds w<u*c 
being made to transfuse the deiibrinated blood of mammals, espe 
cially of the sheej), into man. This i)ractiec had to be aliandoned, 
in consequence of tlic dillicullies resulting from the solnlion nf the 
immaii red coiimscles. r.ater, Darembcrg* and Jhiehner" set them- 
selv(\s to study tliis haemolyiie action of serums systematieally. They 
found that it was due to a jmrtienlar substance to which Ihichner 
gave the name of alt.rliK' or prolevttive sul»s(ance. Of in<letermi;iate 
ehemieal Ci)uiiK)sition, this substance is allied to albuminoid sub- 
stances. It is dostroved when healed to .1.'/- .*>(> and only acts in 
the prcseiK'e of certain salts. Wlien these salts are removed fi’om the 
siuaim by dialysis, it Inses its Jia(*melytic jmwer; l>nt as soon as the 
salts are re])la: ed in propel* [iroportion this power rea|)pears. Latei*, 
IhieliiuM* ‘ compared the action of alexine to that of solul>le ferments 
and referred it to the ealegorv of the digestive diastases. According 
to him the same alexine is capable of dissolving the red Idood 
corpuscles of several s]»ecies of Vertebrates. UordetS in a sei*ies of 
researches madt* in the J/asteur Institute, eonlirmed this view, lie 
(*ame to the couelusion tlmt the alexines of the various s])eci(*s of 
animals differ from one another. Thus, the alexine of the Idood 
serum of the rabbit is not the same as that found in the serum 
of the guinea pig or dog. Nev ertheless each of tliese alexines is 
capable of exerting a solvent action on the red blood corpuscles of 
several species. 


^ An'h. (h‘ nml. Pariq, 1891, t tn, p. 7’20. 

2 Ft f hahfil, A". ConRr.f. in it. Med.^ AViosbaden, IS92. 

Mdnchen, med. IFchnffchr., 1909, S. 119.'!. 

Ann, de iluHl. Pnstnir, Paris, 1899, t. xiii, p. 278 ; 1901, t. xv, p. 812. 
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[94] Ehrlich and Morgcnroth’, in a series of memoirs on the solution of 
red blood corpuscles, have coml)atcd the idea that there is only a single 
alexine in one and the same serum. Moreover, they state that alexine 
always requires foi’ its action the aid of another substance, and that 
mattci’S are much more complicated than at first sight appears. They 
maintain that in each normal serum a number of dilferent substances 
arc found, each one of which only attacks a single species of red blood 
corpuscle. They point out that the solution of the red corpuscles by 
the normal serum bikes place through the combined action of two 
iliflerent snlistances and cite several cases wliere a noi inal serum, after 
being heated to and so deprived of its haeniolytic power, again 

liecomes capable of dissolving the red corjuisclcs when some normal 
serum from another species, which of itself is destitute of the solvent 
property, is a<ldcd to it. liCt us quote an example from Ehrlich 
and Morgenroth. The noianal serum of the goat readily dissolves 
the red blood ooi'pu.scles of the rabbit and guinea-pig, but if heated 
for half an hour at uo’C., it loses this i)ower. On the other hand, 
the normal serum of many hoi'ses shows itself powerless to dissolve 
the red corpuscles of these rodents. Ilei'c, then, are two serums, 
equally incapable of effecting the solution of the red corpuscles of the 
rabbit and guinea-pig. Yet, when they are mixed together and to 
them a few drops of blood from one of the rodents cited is added, 
haemolysis takes place readily. The heated goat’s senna then, has, 
retained in it something that resists a temj)erature of t»;'> C., a sub- 
stance which, by itself, leaves the reil blood corpuscles intict ; but 
which, when combined with a secoiul substance present in the horse s 
serum, causes their solution. Ehrlich gives to the first substance, 
that is to say that found in the heated goat’s serum, the name of 
mtermcilmry biHlji ( “ Zw ischenkdriier”). The second substance, jire- 
sent in the unheated liorse’s serum, is designated by him the eompfe- 
mriit. In order that a normal serum, may dissolve the red corpuscles, 
it is not sufficient that it should |>osscss a single substance, the alexine 
of Buchner. It must, to exert this action, contain two distinct sub- 
stances which are very often found together in the same normal serum. 
Unheated goat’s serum was only capable of dissolving the red blood 
corpuscles of the rabbit because a particular complement and 
intermediary substance were both present. Deprived of its comple- 
ment at tlie serum is solvent only when we add to it another 

[93] substance that is contained in the normal serum of a differeflt species 
* Bcrl. ktin. Wchnschr., 1S99, SS. 6 .and 491. 
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(horse). Contiiiuiug their researches in this direction, Ehrlich and 
Morgenroth have come to tl>e conclusion that the normal scrum of a 
single species may contain several intermediary substances, eacli one 
acting on a single species of red blood corpuscles. Further, that 
normal scrum must contain several or even many different comjde- 
inents. 

Ehrlich and IMorgenroth carried on i-csearches on the intermediary 
substances in normal serums and found several in addition to that 
already mentioned. The serum of the normal dog reailily dissolves 
the red blood corpuscles of the guinea-pig. When heated to a/^C. it 
loses this property ; but with the addition of normal guinea-pig’s scrum 
the proijcrty is regained. In the serum of the normal dog there exists, 
then, besides the complement, at least one intermediary substance, 
'riic same result can be <d)tained with several combinations of serums 
of noiinal mammals, heated or unaltered*. Yet it often hap])en.s, as 
Elirlich and Morgenroth tliernselvcs point out, tliat the demonstration 
of the presence of the intermediary substance in normal serums is 
accomi»anied with marked difiiculties. Bordet, also, who has studied 
this (piestion very thoroughly, often failed completely in his attempts 
to make normal serums, that were incapable of producing Jiaemolysis, » 
active by the addition of lieatcd serums of other sj)ecies of animals. 
Thus he observed that normal fowl’s serum readily dissolves the red 
corpuscles of the rabbit.. Wlien heated to — oO’C. this serum 
loses its haemolytic [lower which cannot be restored liy the addition 
of atiy normal serum, lie thinks therefore that, in this exainple, 
haemolysis is jiroduced solely by the alexine, without the assistance 
of aTiy intermediary substance in the serum of the normal fowl. 

P. Muller", whilst confirming Bordet’s exjierimental results, considers 
that, in this case also, there is tlie intervention of an intermediary 
substance. When he mixed heated fow I’s serum with a small quantity 
of unaltered fowl’s serum the solution of the red cor[)uscles of the 1 90] 
rabbit is not lirought about. When, however, instead of adding a 
little unheated normal fowl’s senun, he added the same quantity of 

* Eliilich and Morgenroth, “ Ueher Ifaemolysine,” It, Berl. klin. [Vekmchr., 1S9!), 

S. 481. The following are the combinatiolia found by these observers : heated calf’s 
.'scrum with noriual seriuu di.ssolve.s the red blood corpuscles of the guinea-pig ; 
heated ralibit’s semm pins slioc2)’.s serum dis.solves tlie red blood corpuscles of the 
sbeep; hc.atcd senun of rabViit w^itli the addition of goat’s senun dissolves the 
reii corimseles of the goat; heated sheep’s senim with guinea-pigs serum produces 
hacmolvsis of tlie red corpuscles of tlie guinea-pig. 

^ Cenlralhlf. liakkr'wl. u. I’anmlenlc., T' Abt., Jena, 1901, Bd. xxix, S. 175. 
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serum from a fowl previously treated with physiological salt solution, 
the red corpuscles of the rabbit were dissolved >vitliout any diffi- 
culty. Muller explains this difference as due to tlie feet that the 
serum of the treated fowl coiitjiins more complementary substance 
than does that of the normal fowl. 

We see, tlien, from this examine that the analysis of the pheno- 
mena taking place in the solution of the red corpuscles by iu)rmal 
serums is besot with very great difficulties. For this reason it is 
much more profitable to make researches i)i this dii’oction, using more 
active serums, where the demonstration of the two substances can 
be made simply and exactly. This desi<lcratum lias ]»een supplied by 
J. Hordet, when preparateur in our laboratory ; he described an easy 
method of inci-casing the haemolytic power of serums. 

As stated above, guinea-pigs that have received nn intraperitoneal 
injection of goose's blood digest the cor|>uscles, although the peri- 
toneal fluid exerts no haemolytic action. In ritro, tlu^ ex trait of their 
inacrophagie oi’gaus certainly dissolves the red corpusch^s, whilst the 
blood serum usually fails to do so. Now, if a second or a tfiird 
injection of goose’s blood be made into the peritonerd cavities of the 
^ same guinea-pigs, partial solution of the corpuscles tukes place in the 
[jcritoneal idasma and the serum of the blood acipiires new ]>n)perties: 
it becomes capable of clumping the red corpuscles, tliat is to say of 
agglutinating them ; afterwards it ilissolves them in vitro. 

J. Hordet’ has show n tliat the injection of tlie blood of one species 
of Vertebrate (mammal or bird) into the peritoneal ca>'ity or tmder the 
skin of an animal of a dilFerent species, always produces in the blood 
serum of the latter the haemolysing substance. I'his haemolysing 
substance is specific or nearly so, that is to say it dissolves tlic red 
corpuscles of the species which has furnished tlic injected lilood and 
also, but more feebly, the red corpuscles of allied species. Conse- 
<juently, with guinea-pigs serum, treat(‘d wa'th goose s blood, we 
obtain tlic greatest solvent action on the ml cor[)uscles of the goose, 
though there is a certain haemolysis of the red corpuscles of some 
other birds. This rule, thoroughly established by Bordet, has been 
the starting-point for a large number of researches on haemolysis 
[97] and amongst others of those which bear on the inteniicdiary sub- 
stance of normal bloods. 

Bordet demonstrated very definitely a fact of fundamental import- 
ance — that in the blood >scnims of animals treated with lilood from a 
^ A nn. de Vlnat. Pmteia\ Paris, 1898, t. xii, p. 688. 
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different species, there exist two distinct substances wliidi only dis- 
solve the red blood corpuscles when they are combined. Here the 
duality of the haemolytic agent cannot be doubted, as it inaj in 
certain examples of normal serums. Eacli time that we do])rivc the 
scrum of a treated animal of its solvent action by heating at 
5G“ C., this property can be restored to it witli certainty by the addi- 
tion of a little normal serum which, by itself, is incapable of bringing 
about haemolysis. Tlie heated serum of these injected animals loses 
the power of dissolving the corrcsponditig red corpuscles, but it re- 
tains its other acquired property — the agglutination of the corpuscles. 
The red corpuscles, aggregated into voluminous masses quite visible 
to the naked eve, remain intact indefinitely, if left in the prepared 
and heated serum. But as soon as we add to them a trace of normal 
blood ( taken fiom one of a number of species of Vertebrates), the 
solution of the i*ed corpuscles is not long in taking pla(*e. Under 
these conditions an action of two substances is set up; one of these 
substances is found in the heated serum of the injected animal, and 
tlic other in nnlK‘ated normal seniin. The first of tliese substances 
wliich not oidy resists a tem|>erature of o5 -50” C., but stands, with- 

out alteration, heating to 01/ — 05”C., corresjxmds to the intermediary 
substance of FJirlich. By Bordet it has been termed ‘^substanco 
scnsibilisatrice’.'^ Tlie second substance, a common one, found in 

normal serums and destroyed at 55” 5() 0., is the alexine of Buchner 

and of Bordet, or tlie complement of Ehrlich. 

The ease witli which one can demonstrate the eo-operation of two 
substances in the Iraemolysis by the scrums of animals treated with 
the blood t)f a different species, is due to the fact, that during tlui 
course of this treatment tlie animal organism pnxluces a quantity 
of an intermediary or sensibilising siibstauce. In fresh animals 
which have not been treated, it is often very difficult to deinonsirate 
the presence of this substance, ^ Bordet has estalilislied the fact that [os] 
the serum of animals which have been injected several times with the 
blou<l of a different species, contains almost tlie same amount of 
alexine as does untreated serum. On the other hand, the sensibilising 
sid)stance makes its appearance in large quantity as the result of 
these injections. Von DnngeriU has confirmed this result and con- 

^ Among the synonyms of this substance, resistant to the action of boat, may 
mention the follouing; haemolytic antibody, preventive substance, immunising body 
flnmnmkorper of Ehrlich), amboceptor (Ehrlich), philocytaso (Mctchuikofr), desmon 
(London ), copula (P, Muller). 

^ Manchen, metl Wrhmtrhr.y 19(10, S. (>77. 
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tributes the iiiterevstiiig fact that the sensibilising substance is found 
even in gi*eat excess in the serum of treated animals. When he adds 
to this serum blood that has not been heated, he produces a haemo- 
lysis that is more than thirty times as active as when the serum of 
the prepared animal alone is used. From the quantitative point of 
view, then, there is no relation between the amount of the two sub- 
stances in the serum of prepared animals. 

It limy be suggested that the sensibilisiiig or intermediary sub- 
stance is the same as tliat which produces tlie agglutination of the 
red corpuscles. Hut careful researclics have tiiorougljly demonstrated 
the diflerence between tlie two substances that have tins character in 
common, botli resist heating to and even beyond this jioint. 

Having established tliis co-operation of two substances in haemo- 
lysis the intimate mechanism of their action was next studied. Here 
I imist give jn ide of ])lace to the discovery by Ehrlich and Morgenroth 
that tlic intermediary (or sensibilisiiig) substance links itself to its 
corresponding red corpuscles. A serum, capable of dissolving the 
red corpuscles of a diWerent species, is heated to 5(r(\ which causes 
it to lose this solvent projierty. When a eertain number of these 
corpuscles are added to it, such corpuscles remain intact althougJi 
they are agglutinated. It is suflicieni, after some hours of contact, to 
centrifugalisc the mixture in order to separate a limpid serum fro?n 
the mass of l ed corjmseles, the former being now entirely dejiriv^cd of 
its intermediary substance, that is to say it has become incapable of 
dissolving the red corpuscles even witli the addition of a large quantity 
of the “complement '’ (normal serum, unheated). On the other hand, 
the red corpiiseles, having fixe<l (linhed) all the intermediary sub- 
stance, dissolve very rapidly when ])laecd in contact with normal 
serum which contains the ueccssaiy quantity of the cumidement (or 
alexine). This fundamental exi)erimcnt has been confirmed ami 
repeated by many observers and has now become classic. The idea 
that the intermediary (or sensibilisiiig) substance links itself to the 
red corpuscle, without dissolving it, is generally accepted and may be 
regarded as permanently settled. Wo should do well, then, instead 
[99] of designating by all sorts of synonyms the substance in seruniB wliich 
resists the action of a temperature of 55" — 05 C., to ap[)ly to it, once 
for all, the name of Jixfftlre mhstance or sinqily that of fixative. 
This name is short, ex[)rosses the essential charactei* of tlu? substance 
and gives rise to no misunderstanding, as do the other names iiroposed 
up to the pieseut (amongst them that of philoeytase employed by 
myself in some of my earlier publications). 
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Another of Ehrlieli and Morgenroth’s experiments has furinshed 
the proof that tlie complement uuakled does not fix itself to tlic red 
corpuscles. A normal serum, unheated, which, by itself, is quite as 
incapable of dissolving the red corpuscles as the fixative alone, is 
mixed with some defibiinatcd blood. After tlie centrifugalisation of 
tliis mixture, it is easy to demonstrate tliat the supernatant fluid 
lias lost none of its comiilement (alexino), whilst tlie red corpuscles 
have fixed none. 

If, instead of an inactive serum, we take a serum which is capable 
of dissolving the red corjmscles and which consequently contains the 
two haemolysing substances, and if we place it in contact Avith the 
corresponding red corpuscles, at a temperature between and 3' (/., 
the solution >vill not take jilacc (Elirlich and Morgenroth). Under 
these conditions the fixative certainly attaches itself to the red 
corpuscles, but the alexiiie remains in solution, iinuse«l. It is only 
necessary, howeven^, to lieat the mixture u}) to 30'C. to bring about 
rapid haemolysis. 

From their very ingenious experiments, as a whole, Ehrlich ami 
Morgenroth conclude that the fixative possesses two diflerent aflini- 
ties : one for the red corpuscle and another for 
the com|)Ieiiient. Of these two affinities the 
stronger is that Avhieh links it to the red cor- 
puscle, for this is manifested at a very low 
t<‘niperature. In order that the fixative may 
combine with the complement a much higher 
tcmjierature is requisite. Ehrlieli comes to the 
Cinclusion that the molecule of the fixative 
})Ossesscs two liaptojihore groups, or groups 
caj)al)le of chemical combination. The first of 
these links it to a corres[)ondiiig molecule of the 
red corpuscle to which he gi^os the name of 
rece[)tor ; the second combines the fixative Avith 
the molecule of the conqilemciit and in this Avay 
introduces the latter into the red corpuscle. 

These investigators give a diagram which greatly 
facilitates tlie understanding of their hypothesis 
(Fig. 19). They seek to prove that the combinations of the fixative 
Avitli the red blood corpuscle and A^ith the complement follow the laAv 
of definite multijilcs and that these plieiiomena must, in consequence, [loo] 
be looked upon as being of a purely chemical character. 


ri'i. U). Sclicina of 
J'aulicli’.s tliooiy. 

r, (.‘omijlcrncnt (alt xine, 
cyfaRo) — ambo- 
. coptur (fixative) — r,re« 
eejjlor of tlic rod cor- 
puscle, 

(After Lt'vaditi in tbe 
Vre.'i.'ic viiulictAc.) 
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The liypothcvsis advanced by J. Bordet doet^ not accord very well 
with the theory we have just Kset forth. He could never convince 
himself that the fixative combines with the complement He was of 
opinion rather tliat tlie fixative, reUiined by the corpuscle, exercises 
upon it a mordant action which enables it to absorb the alexine. The 
alexine is suj)posed to attach itself to tiie sensibilised red blood cor- 
puscle as a dye attaches itself to a mordanted element. Bordet rests 
his interpretation mainly on tlie fact that the absorption of alexine 
by the sensibilised corpuscles does not follow the elementary laws of 
chemical combination, esiiecially those of definite multi|)les. 

Nolf^ lias sought to define more accurately the part played by 
these two substances in the solution of the red blood corpuscles. 
He agrees with Ihjrdet, that in this phenomenon tlie fixative [ilays 
the same jiart that the mordants do in dyeing. Linked to the red 
corpuscle the fixative renders it more greedy for alexine, exactly as 
the mordant facilitates the fixation of the <lyc on the fibre of the 
textile fabric. Under these conditions the alexine (complement), 
finding itself in large (|uantity inside the red corpuscle, exercises 
upon it its liydrating action, tlius bringing about tlie difiusiou of 
the haemoglobin and often even the solution of the corpiisenlar 
stroma. 

Xolf compares tlie solvent action of alexine upon the red corpuscle 
to that of certain mineral salts, such as ammonium chloride. He 
passes in review the various properties of alexines and finds tliem 
very similar to the solvent action of certain salts. Even the peen- 
liarity of alexine, of remaining inactive at a tcm[)eratnre of O' — iLC., 
is shared by ammonium cldoride which, alone of all the salts studied 
by Xolf, exercises no solvent action under these conditions. But Nolf 
found it impossible to push these analogies further, and especially to 
sensibilisc, by the fixative, the rc<l corpuscles to the action of quan- 
tities, which were of themselves inactive, either of ammonium chloride 
or of any other salt. 

[101] London " hoped by fresh experiments to solve tlie jiroblcm of the 
mode of action of the two substances which act in haemolysis. He 
prononnceil in favour of the tlieory that they entered into chemical 
combination with the red corpuscles. But the facts accumulated 
up to the pres(mt do not enable us to make a [lositive stateineut 
as to the exact nature of the reaction wiiich is set up during the 

^ Ann. dit ClnM. Pasteur^ Piiris, 1900, t. xiv, p. Gr>r». 

* Arch. d. sc. bio/, (rusacs), 1901, t. viii, pp. *281 and 323. 



Resorption of the formed elements 95 

solution of the red blood corpuscles ; this is not astonishiug in view of 
the fact that it is impossible to isolate the haemolysiug substances in 
a pure state. 

It may, however, be admitted that the action of alexinc (comple- 
ment) comes under the category of phenomena that are produced by 
soluble ferments, liuchner* maintains that there is an analogy be- 
tween this substsuice and the diastases (or enzymes) ; Bordet", from 
the aiipeai’ance of his first publicjitions on haemolysis, has exju'cssed 
himself in favour of this view. Ehrlich and Morgcnroth“, in their 
two first memoirs, very distinctly put forward the same idea. “ We 
shall not deceive oui’selves" — they s;iy — “if we attribute to the 
a<ldiment (syn. complement, or alcxinc) the character of a digestive 
ferment.” In one of their last memoirs^ they no longer exj)ress them- 
selves in so decided a fashion. Kevertheless we are still quite justified 
in maintaining this [H'oposition. The sul)stance whicli dissolves the 
red blood corpus(des of Mammals or a portion only of those of Birds, 
undoubtedly presents very great analogies to the <ligestive ferments. 

.\s has been mentiojied repeatedly, it is very sensitive to the action 
of heat and is completely destroyed by heating for one hour at 55 “C. 

In this respect it closely resembles the macrocytase of macrophagic 
organs which also dissolves red corpuscles. As it is the macrophages 
which ingest and digest the red bl<K)d corpuscles in the orgiinism, it 
is evident that alexinc is nothing but the macrocytase which has 
escaj)ed from the phagocytes during the jn’cparation of the serums. 

We know that the leucocytes contain quite a series of soluble 
ferments of which some arc set at liberty after the blood has been 
dniAvn fi-om the vessels. It is thus that plasmas(^, or fibrin ferment, 
is set free from the leucocytes to combine with filainogeji to produce [102] 
the clot. This is not the only soluble terment of leucocytic origin. 

It has been known for some time that in addition to this coagulating 
ferment the leucocytes contain ferments which are espcciall)' digestive 
or <Iccoagulating. Tims BossbaCh’ has demonstrated the presence of 
amylase in the leucocytes of ditferent organs, es])ecially the tonsils. 
Arthus has confirmed this discovery and Zabolotny'’ has completed it 
by his observations on the i)henomcna Avhieh ai>pear in the peritoneal 

’ Miiiichrti. riu’il ll'rhiixrhr., I.'HM), S. 119 a. 

- Ann. (hi I’fnitt. PdMenr, J’liris, 1.S98, t. xti, p. 088 ; 1899, t. xui, p. 273. 

” Deri. klin. IVchrmhr., 1899, SS. 0 and 481. 

’ Deri. klin. lVchii.Khr., 190 ( 1 , 082 . 

“ DeuUvhc med. Welumkr., licipzig, 1890, 8. .38.9. 

“ An-h. riiitse.i d. pulh., etc., St.-r()ter.sl)., 1900, t. iv, )). 402, 
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cavity of animals into which wlieat flour or storch were injected. 
He observed that the small granules are quickly ingested by isolated 
leucocytes, whilst the large granules are surrounded by quite a layer 
of j)hagocytes. lie agrees with several other writers, that the aniyluse 
found in dclibrinated blood has its origin in leucocytes. 

Leber', in the course of his researches on inflammation, made the 
observation tliat the pus of a hypopyon that was absolutely aseptic 
digests coagulated fibrin at a temperature of 25"(i and liquefies 
gelatine very readily. Achalmc* has confirmed this and has added 
several otljcr intei’estiiig data. He investigated the soluble ferments 
of pus and directed i\is attention amongst others to exjieriim'utal pus, 
set up by the injeetion of spirit of turpentine. Tn addition to amylase 
and a ferment wliich licpiefies gelatine, Achalme has discovered in 
jms, saponase (lipase), casease, and a ferment closely allied to trypsin. 
This last readily digests filtrin and also attacks coagulated white f>f 
egg ; in the products of this digestion Achalme found i)eptone but 
could not always obtain Icucin and ty rosin. He never succeeded in 
demonstrating the presence of sucrase, inultise, eumlsin or lactase 
in pus. On the other hand he found large (piantities of o.xydase, 
thus confirming the discovery of Porticr^ who was the first to demon- 
strate that these ferments met with in the blood are, in the living 
animal, found inside leucocytes. By a large numlicr of exp<'i*iments, 
carried out on most divei’se representatives of the animal kingdom, 
Fortier was able to establish the important fact that the oxydases 
which are found in many organs or in the fluid of blood withdrawn 
from the organism really originate in leucocytes as they deteriorate 
and break up. In tins respect, then, they resemble fibrin-ferment 
very closely. 

To conqdete the list, already considerable, of leucocytic ferments, 
I must further cite the anticoagulating soluble ferment whose 
existence in Mammals has been so well demonstrated by Delezemie. 

All this evidence encourages us, then, to supjiort the thesis that 
alexine is one of the numerous intraleucocytic soluble ferments ami 
that it only jiasses into the fluids as the result of rupture or of 
damage to the phagocytes. Nolf {1. r.) has recently pronounced 
against this view ; we must therefore examine his arguments closely. 
In the first place he takes his stand on the analogies between the 

^ “Die Kiitstehmig tier Leipzig*, J8iD, iS. OOS. 

^ CompL remL Soc, de Paris, 1899, p. ,008. 

5 “Los Oxytlascs dans la sorie aniniale,” Paris, 1897. 
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solution of the red blood corpuscles by the seinims and by certain 
salts. It must not be forgotten, in connection Avitli his theory, that 
haemolysis is but one example, out of many, of the action of alexines. 

Of all the formed elements the red corpuscles are the most delicjite ; 
they are readily broken up by all sorts of agents (moderate heat, 
nater, salts, etc.). Furtlier, there are numerous other cells (white 
corpuscles, spermatozoa, and inferior organisms) wliich resist the 
action of salts much better, wliieh, nevertheless, are very injuriously 
affected by the action of the alexines. 

Nolf lays s])ecial stress on the experiments in which, after keeping 
led blood cor])ascles in prolonged contact ivith active sonims, lie 
has looked in vain for the peptone reaction. He i)repared liis 
mixtures in sealed tubes or flasks, and kept ther.i in an incubator at 
.'j/ 'C. for 21 — 4o liours, or even for weeks. Under tliese conditions 
the haciiioglobin is transformed into iiietahaeinoglobin, but tieptoncs 
never appear. Nolf eoncludes tiierefroin ‘‘ with conlidence, that the 
alexines do not exert the slightest iieptonising effect on the albii- 
)ninoi<ls of the corpuscle” (/. c. p. 072). 

To this conclusion it must be objected that i)e])tonc is not the only 
lu'oduct of the dige>stion of albuminoids by soluble ferments. Ihider 
cei’tain conditions the disintegration is carried much further, in 
others it is arrested at an caidier stage. Thus human urine which 
contains pepsin, never gives the peptone reaction witli tilirin ; the 
digestion of the lattei* only goes on up to tlie stage of protalbumose. 

A\ Ikui, however, the urinary peiisiu is tixcMl on flakes of hejded fibrin i loi] 
whicli are sulmiitted to digestion in aehlulated watei’ the digestion 
p]*oceeds further and gives as final products deiiteroalbumose ami 
peptone k Now, niider the eonditioiis in Xolf's exjieriments the 
<ligestiou would be very (piickly stopped, becMUse, at tiie temperature 
of 37 C., alexine very soon loses its strengtli. Investigators who 
have experimented with haemolytic serums know well that, even 
when kept at a low temperature, alexine may lose its activity within 
21 hours. 

It has been mentioned above that Xolf souglit in vain for 
a parallel between haemolyKsis by salts and that by senims, in what 
relates to the action of the fixative. He was unable to find anything 
comparable to this action Jiinongst salts, although digestion by soluble 

' Stadclmaiui, ZUchi\ f, Biol., Munclieii, 1887, Btk xxiv, S. 226 ; JS8S, Bd. xxv, 

208; Patella, Ann. tinic. di med. e chir., Milano, 1887. (Cited by Hupuert 
iu ^•enbauer u. Vogers Analyse des Hants, Aufl., Wiesbaden, 18J18, 8. oOO.) 
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ferments offers undoubted analogies. I heed only recall further the 
discovery of enterokynase, the soluble ferment of the digestive juice 
of the dog, which actively stimulates the action of pancreatic ferments, 
and especially that of trypsin. The recent researches of Delezenne 
(communicated to the International Congi'ess of Physiology held at 
Turin in September 1901) support this conclusion in a very im- 
portant fashion. As already pointed out in Chapter III the entero- 
kynase of the intestinal juice exerts an action comparable with that 
of the fixatives of haemolytic serums. Alone, it does not act as a 
solreut ferment, but when it attaches itself to the fibrin it aids the action 
of the trypsin in a marked degree. In pancreatic digestion entero- 
kynase plays the part of the fixatives in the solution of red corpuscles. 

The analogy between the resorption of formed elements and 
intestinal digestion extends even beyond this. When we inject, into 
the peritoneal cavity or under the skin of various animals, blood from 
a difierent species, the blood serum of the former becomes haemolytic 
for the red corpuscles of the latter. The solution of these red 
corpuscles is effected by the alexiue of the serum, whose' activity is 
rendered very great owing to the presence of a quantity of specific 
fixative. This same fixative appears also in the fiuids of animals 
to whom, instead of injecting blood, we simply give it by the mouth. 

(105] This fact has been established by Metalnikoff \ 

Another fact in favour of the close relationship between the 
fixatives and enterokynase consists in the presence of both in the 
lymphatic (lymphopoietic) organs. The fixatives which aid the solu- 
tipn of red corpuscles are found specially in the mesenteric glands. 
Enterokynase, as demonstrated by Delezenne, is found not only in the 
intestinal juice, but also in Peyer’s patches, the solitary glands, the 
mesenteric glands, and the leucocytes of exudations and of the blood. 

Supported by these various facts we are quite justified in regard- 
ing the haemolysing substance of serum as containing two soluble 
ferments, of which one, alexine, corresponds to trypsin, the other, 
the fixative, resembling enterokynase. The alexine, whose nature is 
gradually disclosing itself with more precision, should bear the name 
of cyUm or cell-ferment. The cytase of the macrophagic organs, or 
macroeytase, comes under this category. According to the researches 
of Tarassewitch it also acts more vigorously when there is added to 
it sqihe of the fixative found in the serum (heated to 56° C.) of 
prepared animals. 

‘ Oentratbl./, Bakteriol «. ParatitenK 1 “ Abt., Jeua, 1901 , Bd, xxix. 8 . S 31 , 
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We have said that in the living animal the macrocytase is localised 
in the phagocytes of the organs and of the blood. Thus, wheii goose’s 
i»lood isipjected intotheperitoneal cavity of thegninea-pig the red blood 
oorpnscles are digested within the macrophage and not in the flidd of 
the peritoneal exudation. When, however, the same kind of blood is 
injected a second or a third time, it is found that a certain number of 
the red corpuscles become permeable and lose their haemoglobin, which 
they give up to the fluid of the exudation, and only the membrane and 
the nucleus remain. These are at once ingested by the macrophages 
which under these conditions manifest a real excess of activity. In- 
stead of sending out small processes, as they do after the first injec- 
tion of blood, these phagocytes move about like true Amoebae, sending 
out broad pseudopodia, and ingest not only the remains of the red 
corpuscles but also those still intact* (Fig. 20). Under these con- 
ditions macrocytase must undoubtedly 
be found in the peritoneal plasma 
It is, however, easily demonstrable that 
this ferment was not performed in the 
fluid but has escaped from the leuco- 
cytes that have undergone phagolysis. 

After the rapid injection of alien blood 
the phagocytes of the peritoneal lymph 
gather into clumps, become immobile, 
and for a time lose their phagocytic 
power. It is only after the lapse of a 
longer or shorter period that the leuco- 
cytes recover from the phagolysis, arrive 
in great numbers in the peritoneal eavity 
and display their phagocytic energy. 

If the damage to the phagocytes — the phagolysis— is the actual 
cause of the setting free of the intraleucocytic ferment, we have 
only to prevent this phagolysis in order to inhibit the solution of 
red blood corpuscles in the fluid of the exudation. For this purpose 
it is sufficient to prepare guinea-pigs (which have already received 
several injections of goose’s blood) by means of an injection of fresh 
broth, of physiological salt solution, or of carbonic acid into the 

* Sawtehenko {Arch, rmses de Path., etc., St Pdtersb., 1901, t. xi, p.455) ha* 
observed that lencoo;te8, after they have absorbed the specific fixative, acquire the 
property of ingesting red blood corpuscles with extraordinary rapidity. Tarassewitch 
was able to confirm this fact 



Fig. 20. — Bapid ingestion of 
red corpuscles of the goose 
by tnacrophagoB. 
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}>eritoiieal cavity on tlio eve of tlie docisive experiment. Such injection 
at once pi-ovokes phagolysis, which is then followed by an abundant 
exudation of leucocytes. Wlien, next day, a dose of red Idood cor- 
puscles of tlie goose (depi-ived of seruin by ceutrifugalising) is 
iiitroduceil into t)ie iieritoneal cavity ihus ])repared j)l)agolysi.s is no 
longer ]»roduced, or very feebly, and is of very short duration. 
Umlcr these conditions tlie solution of the rerl corpuscles by the 
peuitoneal fluid is reduced to a miivimuin, and in its place an ex- 
tremely rapid and considerable ingestion of red eoi'pnscles by the 
m icropliages may be observed. In order that the exj)eriment may 
be completely successful it is advisable to use gooses blood heated 
to C* or thei’inibouts for the injection. 

then when the red corimscles of the goose are inti’odiieed, not into 
the peritoneal cavity but into the subcutaneous tissue of giiinea-pigs 
that have received several injections of goose’s blood, wc can easily 
prevent the extracellular solution of the red corpuscles which takes 
place, as already indicated, in the liormal gninea-jng. As i)i this 
[107] ease the goose’s serum which is mixed with the c()rj)nscles contributes 
to the haemolysis, it must be sup]>ressed by centrifugalising tlie 
defibriuated goose's blood and by washing the corpuscles with normal 
saline solntiom 

Collectively, the laets 1 have just described clearly indicati^ that 
the pliagoeytes must be regarded as the source of the haemolytic 
lermeiit. The macrocytasc remains in the body of these cells so 
long as tliey arc in a normal condition ; but immediately they are 
injurc'd, in eonsecjuence of tlie suddcai inti’odiictiou of foreign sub 
stances into the peritoneal cavity, a |H>rtion of the macroevtase escapes 
ami acts on the red corpuscles as if it had btxm empioved lu rlfro. 

As the conclusion 1 liavc just formulated is of fundamental 
importance in the study of resorption .and inmiunity it is necessary 
to snppoiT it by as many argumeuts as possible. For tliis i*eason, 
therefore, I feel obliged to draw the attention of the reader to another 
example of the resorption of formed elements. 

We leave already sjiokcii of the resorption of spermatozoa in 
the |)CJ*itoneal cavity, and of tlic part played by the macrophages 
in this [ihenomenon. As a result of this resor])tiou, just as after 
that of re<l b]oo<l c*oi*puscles, the organism acquires new properties 
of the same character. Laiidsteiuer' and the writer- have shown 

^ (JmtralbLf. Dfiltn lcL u. Panuilmk.^ Abt., Jena, 1899, Bd. xxv, S. <046. 

^ Ana, <k I ln.A. Paris, JS1)9, t. xiii p. 7oS. 
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tljat the blood seruii) an<l the peritoneal fluid of animals tliat liave 
been injeeted with the spermatic fluid of bull, rabbit, or man, be- 
come spcrmotoxic, that is to say, tlicy render tlie conespoiiding 
si)ermatozoa motionless and kill them. These fluids, Imwever, never 
acquire tlu^ power of dissolving, even partially, these elements. 
The disap|)earance and fiual solution of the spermatozoa is onlv 
eflected witliin phagocytes, and almost exclusively in the macro- 
phages. 

Moxter^ has demonstrated that the sjmrmotoxin whieli appears in 
the serum of prcqnired animals consists of two substances, corre- 
sponding to those present in the haemolytie scrums. These are the 
maeroex ta>e (alexine, eom])lemeid) and the fixative (interuualiary or 
sensibilising substance). For him tliey are identical with those wliich 
dissolve the red corjmscles. Without dwelling on the subjiat we 
may say tliat llie maciocytase which dissolves Die red corpuscles 
and that which arrests the motion of the spermatozoa are really 
identical in the same species of animat, as is accejfled and tlcveloped I 
[)y l>ordet. On the oilier hand, it is imiiossible to accept Moxter s 
theory of tlie identity of the two fixatives. They must lie regarded 
as diilerent : this w(‘ have atteivqited to prove in one of our memoirs • 
and is in accordance witli the law ot the siiecilicity of fixatives in 
general. 

'I’he question wluch interests us more especially at this moment 
is where arc these two constituent substances of the spermotoxiu 
10 be found and how do tlicy behave in the living organism ? This 
question has lieen very thoroughly studied by Metalnikoir ' iu my 
laboratory. IJis exjierimcnts have been closely followed by me, and 
in presenting their i)rinci|‘al results J can bear witness to their 
eorreetness. 

The s])ermotoxiu obtained by Metalnilodl' is (listinguishcd fiom 
the haemotoxius we have discussed iqi to tlie ])resent iu tliat they 
develop, not as a result of the injection of cell elements fioin a difl'e 
J*ent species, but as a I’csult of the introduction into the organism of 
spermatozoa from the same species, the guinea j>ig. We have here, 
tlien, to ileal with what has been termed antosjiei'motoxin. 

The serum of the norm:d guinea-pig acts but feeJily on tlui sper- 
matozoa of tliis species, which, under its influeuce, remain motile for 

^ Dcnti^chc Wriutschr., T.eipicig, 1900. 8. (>l. 

- Ann. dc 1 1 ttitl, Padijitry r:iri.s, 1900, t. xiv, |k o09. 

" Ibid., p- 577. 
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sevei’al liours. Wlicii, however, guinea-pigs have received one or 
several injections of the spermatozoa of their own species, their seriini 
and peritoneal lynij)!! become distinctly toxic and render the sperma- 
tozoa rnotioidess in a few minutes. In male guinea-pias so prepare<l 
tlic scrum acquires lids toxic property not only for the sj)ermato/oa of 
other male guinea pigs, but likewise for those of the indiv idual itself 
which furnislics tlie serum. This latter, then, becomes distinctly 
autosper?notoxic. 

If the spennotoxin were diffused in tljc plasma and other llnids of 
the guinea-pig whicli furnishes it, it ought to render motionless the 
spermatozoa contained in the genital organs. Experiment demonstrates, 
liowever, tliat this is not the ease. If the male organs bo removed 
from a guinea ])ig whose serum is very autospennotoxic iu rifro, we 
find, especially in the epididymis, a mass of very virile spermatozoa 
which fur a long time retain their motilily in physiological salt 
[109] sohition. The maeroeytase, then, has not reached the si>ermatozoa 
in the living animal ; this is lict‘anse it is not found in tlie i>lasmas. 
Let us iiijoet into a guinea-pig, whose serum is strongly autospermo- 
toxic, one jiortion of sperm into the subcutaneous tissue and another 
portion into the i)eritoneal cavity, lii the first site a soft otMlema, 
filled witli transuded fluid, in which the very active sp(‘i'mato/oa 
retain their motility for a couple of hours, is produced. In <he peri 
toneal fluid tlie same spermatozoa become motionless in a few 
minutes. This great difference is explained by the fact that, under tlie 
skin, then? are no, or almost no pre-existing leueoevtes, whilst in tlio 
peritoneal fluid they arc abuiulant. The phagocytes injured by the 
introduetion of sperm into the peritoneal cavity, tdiandoii a portion of 
their maeroeytase, snlficient to render the s|>crmatozoa motionIc?ss. 
Ihit when Metalnikotf injected physiological salt soIuti<m into the 
peritoneal cavitv of his autospennotoxic ginnea-])igs, and (lieu, on the 
following <lay, a <|nantitv of sperm, the s[)ermatozoa, continued very 
active for inori' than an hour. In this ease i>IiagoIysis i.s vci*y transi- 
tory ami insignifieant ; it ivS soon followed by a, great aillux of 
leucoeytes which bring about a rapid ingestion of the spermatozoa. 
Many of those elements are devoured in a living stale ; for even when 
their body is eneloserl in the macrojiliage, their tail, left outside, 
continues to move very actively. 

All these ex])eriinents demonstrate that in the normal state the 
maeroeytase I'cmains witliin the phagocytes and oidy os<?apes during 
pliagolysis, or at the moment when tlie blood, after it lias been with- 
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drawn from the org*;misin, coagnlnte^N. Ts it the same for tlie fixative? 

It is easy to prove that this soluble ferment circulates in tlie plasmas 
of the living organism. We have already sai«l fhat the spermatozoa 
of a guinea-pig whose serum is very autospermotoxie, remain alive for 
some time in the physiological salt solution. Hut if we introduce 
tliem, in vitro, into the serum of a normal guinea ])ig thev remain 
motile but a short time (some 10 — 20 minutes), whilst tlio spermatozoa 
of a normal guinea-]>ig will Jive in the same scaaim for several hours. 

This diflei'ence is exiilained by tlic fact tliat the spermatozoa of the 
autos|)ennoto\ie guiiiea pig, allluaigli very active^ liavo absorbed 
the fixative <luring the lile of the animal. This lixativo is, as we 
have stated, found in the body fluids and has been able to ))cnetrate 
to the male organs, llcie the s[>ermatozoa lieeome el)ai‘ge<l with 
tlie fixative and, once Iranvsported into the serum of the uormal [Hoj 
guinea-pig, rich in macroevtase, they lose tlieii* movements very 
(jiiickly. At the sajne time the spiuanatozoa used for control, not 
having absorbed any fix<ative, are able to live for ;i lung time in the 
same soriini. 

As tli(‘ niacj’ocytase remains fixed to the phagocytes there can' bo 
no <lonbt as to its origin : it is elaborated by these cells. Whence 
liowevor comes the fixative which is friM.' in the botly fluids and whicii 
is precisely the substance that is developed in so large a (jnantity in 
the treated animals ? The exact solution of this question is not easy ; 
nevertlieloss tluae are many facts whi(‘li indicate that this fixative is 
also of [diagocvtic oi*igin. W e know alrea<ly that the serums of noi’mal 
animals contain only small quantities oi* sometimes, perliaps, none of 
the fixative. This fixative only appears abnmlantly as the result of 
the resorption of the corres|)onding elenumis. coipnsclos or sper- 
matozoa. This resorjdion, as vve have said, is almost exclusively the 
work of the inaero{)iiagos. It is just iu those cases vvliere the rtal 
cor|)uscles, injected into the peritoneal cavity of an animal of the same 
sjiecies, pass directly into the lymph, without being injured or, save 
excejdionally, ingesfed by the phagocytes, that the fixative is not 
formed. When tlni red blood corpuscles of the uoosc^, iutroduced with 
defibrinated blood below the skin of a guinea ])ig, undergo tlierc a 
partial solution iu the fluid of the exudation, and wheie tlie ]>hago- 
cylosis is more limited than in the peritoneal cavity, tlu' production oi‘ 
fixative is small. When the injection of the same goose's lilood is mad(^ 
into the peritoneal cavity of a guinea-pig ami is followed by comphTe 
phagocytosis, the fixative is produced iu greater abundance. J here 
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exists, tlicii, in all fchese oases a constant relation bctM een the degree 
of pliagocytosis and the amount of tlie fixative produced. As this 
fixative facilitates ilie access of the c} tase to the cells and as the 
resorption of these elements takes j)lace spi‘cially in the macrophages, 
Ave are bound to ceme to the conclusion that the fixative is a second 
])hagocytic ferment which is jnoduccd in abundance during the ]>ro(*ess 
of intracellular digestion. Only, instea<l of l emaining in the .substance 
of the i)hagocvtes, this fixative is in j>art thrown out fiom these 
elements. It passes into the plasma, of the blood and into the other 
fluids and ends by disappearing from the oiganism, j)robjd)ly being 
eliminated by the excretory channels. 

In the Invertebrata, where, as we have seen, tlie alien red bIoo<l 
eorimseles are also tligcstcd Avithin the phagoeytes, Ave never 

been able to demonstrate any liacmolytic |)ro]>erty of tlje blood llnid, 
even aftm* re})e;ded injections of blood. \\ c mnst conelnde from tliis 
[in]tliat in these animals the <juantit\ of fixative is mi‘rely suflicieiit to 
bring about tlie solution of the red corpuscles wliich are Avitliin the 
phagocytes. In the ease of fish(\s and higher animals (Ave n);iy recall 
the example of the red corpuscles of the guinea-)>ig Avhen resorbed 
into tlui organism (»f tlie golddlsh) the production of the fixative is 
much more almndant, and this ferment can be ea.sily demonstrated by 
its action in rifro. 

Tliis over"j)roduction of a ferment Avlii(.‘h acts in the phagocytic 
resorption, finds its analogue in the [)assag(" of certain digt^stive 
fermenls, such as amvlase and jiepsin in man and the dog, into tin' 
blood and urine, as mentioned in the preceding eliapter. 

One of ihe liest arguments in favour of the thesis liere develojied, 
has be(‘M furnished to us liy the analysis of the ]>henomena observed 
in conm'ction wilii the autospermotoxic serums of tlie guinea-pig. 
This idea of aiitoloxins was originally jnit forAvai'd l)v Klirlieh in Ids 
memoirs, ])nb!ished iii eonjunetion with iMorgenroth and already 
rejicidediy cited. Mhrlich asked himself Avhetlier the organism Avliieli 
resorljs, not iv(\ eoi puseles of an alien siiecios, but red cori)uscles of 
its own species, would also be capable of develojilng haemolytie 
substam'cs. Witli this object he injected blood obtained from goats 
into these same goats or into other individuals of the same species, 
lie and Morgenroth' were, under these conditions, able to obtain 
isotoxic serums, that is to say scrums wliicli dissolve the red corpuscles 
of the goat, coining tVom other individuals tlian those Avhich liad been 
^ Berl. kiin, IVc/itiurJir., 11)00, 8. 45,‘>. 
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treated by the blood and which furnished the senini. Tn order to 
obtain this result, liowever, they had to inject, not unaltered bloo<l but 
blood mixed with water. The red corpuscles of the mialtered blood 
pass readily into tlie circulation of the animal of the same species, 
without being attacked by the phagocytes. Now, we know from the 
experiments of Bonlet that the stromas of the red corpuscles sulllce 
for the production of the fixative, whilst the haemoglobin does not 
incite to the development of this fermeiit by tiie organism. As the 
stromas, injected with a mixture of blood and water, must be devoured 
by the macrophages, we can readily understand that these j)hagocytes 
may serve for the elaboration of the fixative. 

The resor]»tion of the red eorpuseles and that of si)ermatozoa which 1 1121 
wo have })rcsented as cxam[>les, may ^erve as types for the resoi’ption 
phenomena of formed elements in gcaieral. When other s])ccies of 
cells are inti’odueed iido the organism, the residting [)rocess always 
reveals the sanu* charaebn* : inflammatory reaction with ])re]K>ndcrant 
intervention of the macropluages ; iutraphagocy tic digcstii*n of the 
introduced elements ; exeessive |)rodiiction and cxeretion of the 
fixatives. A\'hilst the macroeytase is always the same in the same 
species ofatiimal, the fixatives arc different and s])ecific. In addition 
to the haeniolixatives and s|>ermofixatives already described, we may 
obtain, as the l i'sidt of tiie injection of the corres]K>nding ccdls, louco 
fixatives, nc|)hrofi\ativcs. lu‘|»atoHxatives, tricholi.xativcs, etc. It 
do(‘s not ent(‘r into onr |n’ogramme to treat the snlajcad. here'. We 
wisli simply to insist on those aspects of tfie resorjdion of <xdls 
which are closely conneeted with the problem of Immunity. In the 
licxt cha liter we nmst, however, recur to certain features of the 
lihenomeiia of resor[)tioii. 

^ AVo li n v L’ivoii .1 ski'tch <»f tlie nctnal .state et‘ this rju<sstioii ot' c(‘ll poisuMS ui’ 
evtotoxius ill tlio Reaic {ivn*.ralc des pat c.i: ct laoi, p. 1. 
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RESOm'TrOT^ OF ALBUMINOID FLUIDS. 

Resorption of substances. — Tlic procipitins of Tilood scnnri M'bicli appear 

as a result: of the absorption of serums ami of milk. — Absorjition of gelatine. — 
J^ucoe) tic origin of the ferment wliich (ligesls gelatine. — Anticnzymes, — Anti- 
rennet. — Tlie anticytotoxins.— Antihacmoto.vie serums.— Their two constituent 
parts: anticytaso and antitixative. — Actimi of anticytase, - Tiu? :tntisperim»- 

toxins. — Origin of antieytotoxins. Khrlielfs tiioory on tliis (piestion. — Origin of 

antihaemotoxiiLS. — Origin of anti.spermotoxin. — Ihodnetion of ihis antibody by 
eastratcil males. — 'fhe anti.sjicrmolixative produced when the .s)>erm:ilozo:i are 
cxeltidcd. — J.listribution of sjicrmotoxin a,mi antispermotoxin in the cuganism. 

^V^n stated at the liegiiining of the last ch;q>tcr that various fluid 
substaiiees of very eoinjdicated cheiuieal coiupositiou inay be absorbed 
by the tissues and utilised by the organism without refjuiring to be 
jiiodified by the digestive juices of the intestinal canal. must 
now describe, exactly, the phenomena observed in these cases and 
endeaAa)ur to e.stablish the mechanism of the aljsor[)tio)i of llnids in 
the living organism. 

Wc have already cited tlic exam{)les of blood serum, milk, and 
white of egg, all of whi(!h are readily ntilised by the organism wliich 
receives them directly into the ])eritoneal cavity oi* below the skin. 
The proof that tliese substances are modified — digested l)v the tissnes, 
is furnished by the observation tlnit theii* injection necessarily 
brings about a])prociabIe cluuigcs in tlie propm ties of tlie blood. 
Hi, IVdiistoviteli^ in a research earned out in the i^istenr Institute, 
was the first to demonstrate tliat the resorption of the blood scrums 
of the cel and horse by the organism of the rabbit, excites in the 
lilood of the latter animal the production of siiecitic precipitates. 
Hie blood serum of rabbits that have been vaccinated against the 
toxic eebs serum gives a precipitate with eel’s seriira : the serum of 
rabbits treated with horses blood gives a similar precipitate with 
[ii4j horse’s serum, etc. This property has since been confirmed and 

^ Ann. de VImL Pastrur^ Paris, 180,% t. xiu, j>. 413. 



107 


liesorpfion of (dhuminoici f oids 

studied by several observers, who liavc made use of it for the reeoiiiu- 
tioii of hiiinau blood in medieodegal investijiations^ 

Bordet-^ has made tlic discovery that iutraperitoneal injoet ious of 
the milk of cows into rabbits provokes in the blo()d sermn of tlje 
latter the property of giving a specific precipitate Avith cows milk 
only. This ])rec*ipitation bears a great resemblance to the coagulation 
of casein ; which, however, does not justity ns in identifying the 
precipitating siibstaiioe Avith rennet. This fact has been contirmed for 
se\x‘ral other s|)ecies of milk, and Schlitze in an investigation carried 
on in the Berlin Institute, essayed to a[>i>ly it to the ditfereutiation 
of the A'arious kinds of milk. In the same oi'der of ideas, researches 
Iiav(^ beeii made on the artiticial preeipitins that develop in the Idood 
as the result of injeetiou of Avhite of egg and other albuminoids^ 
Leclainelie and Yallce ‘ liavc preparcil animals in such a fashion that 
(heir serum jiroduces a precipitate Avith nrinary albumen. The bio- 
logical pr( ci|>itin reactions are more sensitiA^e than any of the chemical 
reagents pi‘oper)y so called. Tliese specific snlrstanees in tJi(> serums 
must he looked upon as belonging to the group of soluble ferments, 
aiipneximating to the fixatives rather than to the eytases, since 
th(\v are unaltered by being heated to ;>() ( ■. Their action gradually 
<leelinc‘s aftei* iiassing do 0. but is <jnly clestroy<Ml at a temperatui’c 
be V urn! 7d 

An analogous solulile ferment has liecn discovered in ilie blood 
sf irnn of animals tieated with inj(‘ctioiis of gidatine. \V(» oavc to 
Belezenne, vslio has studied this question in his laboratory at the 
kasteur Institute, the most iinportaut and most eonqiletc data on the 
i'esor|)tion of gelatine. The blood serum of normal animals jiosscsses 
only a veiy feelilo power, sometimes even uoikn of li(|ncfying gelatine. 
When however this snlistanee is injected several times, tlie sermn, as 
is the rule for the formed elements and (juite a series of fluid sub- 
stances, aecpiires a much more jirouounced activity. The gelatine, f 
Avitliout giving any [ireeipitate, iS sinqily dissolved and will no longer 

^ DiMitscli, C(ympt. rend. XTIf roiUfi'rff infi'vnat.de MnH. de Perris', htuI (‘rnfrnVd. 
f. BaclrrhjL //. Para^ifadc., P*' Jciia., IfiOl.t x'xrx, S. o'Cl ; IMilcnliutli, Jjenisrhn 
mrd. IVrhnsc/rr.^ Leij)zig, I‘)01,8, <S2 ; AA^isscnmuin BerL /din. It 'e/uisr/u'., 

n>0], S, 1S7 ; [A'littiiil and DinkclqnV*], ,lunrn. /f/nf.. r’ambridm*, llKiJ. V'ol, i, 

]). MtiT ; Nuttall. IJri/. Med. Jnnrn..^ Lomlon, i, ji. S2.">J. 

‘ Ana. de PTnaf. Pn.^ttrar^ raris, ISMM, t. xiii, p. 2 0). 

^ ZtMhr.f. llifj., i.eipzig, liiOl, Bd. xxxvi, S. a. 

[Myers, Lancet, London, 1900, ii, p. 9s, :«n<L CenlralLl. f. !>>tk(>‘ri<>L a, 
Parasifenk., 1‘'' Abt., Jena, 1900. Bd. xxviii, 8. 2:i7. j 
Paniftt. rend. Svc. de hiol., i'uris, 1901, p. ol. 



108 


r 


solidify when it is cooled. The ferment of the scrum that produces 
tins ctfect resembles tlie precipitins in that it withstands tiie action of 
a temperature of oif 0. and is only destroyed l)eyond iU)' C. Like tlie 
trypsins it acts in a weakly alkaline, neutral, ov weakly acid medium ; 
but digestion takes [)Iaee best in a slightly alkaline medium. 

Tlie <|uostiou of esjiecial interest to us is that of the origin of this 
ferment wliich digests gelatine. If several ex*, of a 10 '/^ solution of 
this suiistanee be injected into the peritoneal cavity of a laboratory 
animal, tliere is jirovoked with certainty, within a few hours, a marked 
leueocytosis of the pcj’itoneal Huid. A considerable aillux of leueo- 
cytes, amongst Avlnch the inicropliages are even more numeions than 
the niacro[)hagcs, lakes jilace. Wlum to a hanging <lrop of such an 
exudation a trace of Ehrlich’s neutral red solution is added, thei’e 
appears almost at om.e an intense coloration of the numerous drojilets 
insid(‘ tile two kinds of leucocytes. It is, tlierefore, mauifest that the 
gelatine excites a powerfid positive eliemiotaxis of tlK*. mobile [ihago- 
cytes and that it is absorbed by tliesc cells. This ('\|)eriment demon- 
strates that the phagocytes can not only ingest solid bodies, sucli as 
the various formed elements, (joloured granules, etc., but that they aie 
also capable of absorbing tluid substances inlrotluccd into tlie tissues 
or cavities of the organism. 

The data brought forward by Delezeunc demousti’ute very elettrly 
the part ])laycd by tlie mobile phagoi*ytes in t he digestion of gelatine, 
lie obtained his liest results in the dog. We know that it is easy in 
this animal to jirovoke an aseptic exudation, very i*ich in leneoiytes. 
This exudation when dejirivcd of its serum and washed witli physio 
logical salt solution gives a solution which exerts a feeble dig<‘stivc 
action on gelatine. If tlic exudation be [iroduced in a rlog tiuit has 
|ireviousIy received several injections of this sulistance, we obtain 
leucocytes wliose extract, obtained by the same nictliod, will digest 
gelatine much inoi’c actively. Tlie iligestive power of the leucocytes 
of the treated dog is sometimes five times gi’eator tha.n that of the 
leucoeytes of the normal dog. Mere, then, \ve undoubtedly liave an 
acquired digestive power which reveals a great reiurorcement of the 
phagocytic acti vit} . 

[116] 111 the prejiared ilogs the leucocytes have a much greater digestive 

action on gelatine than has the blood serum of the same animals, a 
fact which indicates that the source of the soluble ferment must be 
souglit for ill the phagocytes tliemselves. The results of these 
researches are of great service to us in the study of inunuuitv 
properly so called. 



Resorption of albuminoid flvids lOO 

For sonic time j^ast attempts have been made to sliow tliat tlic 
soluble ferments, diastases, or enzymes, are closely allied to albu- 
minoid substances. Kencki and Mine Sieber^ supfiort this view by 
their recent researches on the chemical composition of p(‘]isi]K In all 
the above cases there is this in common between tlie two ca^(‘^'orics of 
substances, their absor|)tion by the organism is followed by tlu* ajipear- 
ance in the lilood of antagonistic ferments. Just as aftc'r tlie injection 
of milk, white of egg, sei’iims, etc. into the cavities or tissues, specific 
])re(*ipilins are produced, so the injection of certain enzymes provokes 
the formation in the organism of antienzymes or antidiastases. 

It lias l)oen known for some time tliat tlie blood scrum of many 
animals j)n‘vents the action of certain enzymes. Thus liiiden has 
shown tliat normal horses scrum retards or even eoinpletely prevents 
the eoagnlatioM .of milk by rennet. It has often been obsia vaal, too, 
that normal serums hinder, more or less, tlu' digestion of albiirninoids 
l)v tryjisin. li is only ipiib* recently, however, that wc have begun to 
jirepare antionzymes liy the injection into animals of corresponding 
(Mr/ymes. Tims, llildelirand ’ has succeeded in obtaining an anti- 
emulsin in the sernm of rabliits, into which he had inje(ged several 
separate doses of emulsin. IVrmi and IVrnossi * have preparcM.! an 
antitrypsin, and von Dnngerii ‘ has obtained an antidiastase against the 
jiroteoly ti(* enzymes of some baeteiaa. Hut of all the antienzymes, 
the one that has been best studied u]) to the prcs(‘nt is indisputably 
antireimet obtained indepiaidently l>y Morgenroth ' ami Hriof ‘. The 
former of tlu^se investigators treated goats with increasing ((uantities [117J 
of rcniH't and was able to assure himself, l>y comparative detailed 
researclies, of the apjiearance and increase in ([iiantitv of antirennet 
in tiie blood serum. The goat which gave tlie lu^st result ci asing to 
develop antirennet it was iin|H)ssible to make the antirennet jiotency 
go lioyond a certain point. 

Hriot also obtained antirennet in rabbits into which he hail in- 
jeeted fluid rennet on several Oeeasions. Jle was able to convince 
himself that the antirennet of horse's serum is a non-dialysable 

* Zelf^chr. f. phyiiiol. Strassburg, J90I, IM. xxxir, S. 21)1. 

- Virchinr'ff Arcltir, 18!).*b Jkl. oxxxi, S. .‘>2. 

Zclhchr.f. Lf'ipzig, 181)4, lid. xvin, H. s:t. 

Miiiichi'ii. mcd. .181)8, O’) Auguat. 

^ CentraliiL /. BaMfriol. u. ParanUmk.^ .b® Abt, .leiia, J8:)i), fbl. xxvi, 8. 
ami 1900, Bd. xxvn, 8. 721. 

“Etudo sar la prt.suro et ruutipresure.^^ Sceaux, 1900, {T/u:.sy d. f. I'\icuUc d. 

8c, de Pfpris, no. 4.) 



no 


Chapter V 


substMiice vvhic]i is precipitated by alcoliol and certain salts. JAke the 
prcc*ix>itiiiS and the diastase wliich digests gelatine, antirennet resists 
a tein})eratiire of .jo"" — 50' 0. ; even heating to AH' C has no eflbet on 
the antirennet serum. At Otf'C., however, the heat V)egins to exert an 
injurious ellect, and afttu- three hours at 02' C. the serum lias lost 
all powei* to prevent tlic coagulation of the casein by antirennet. 
Morgenroth aiid liriot both state that tlie antiiennet neutralises the 
rennet by a direct action. 

Tlie cell poisons, or cytotoxins, of animal origin which were 
treated in the ]>receding chapter, likewise set up the jnoduciion of 
s})ccial anti bodies, or anticytotoxins. The coiisideration of these latter 
has a very special interest for those who study the question of immunity 
from a general point of view. The first discovery of these anticyto- 
toxins was made in connection witli the study of the toxic power of the 
blood serum of eels, (.amus and GlcyMind, indejumdently of them, 
n. Kossel- ilemonstrated tliat animals when treated with increasing 
doses of eefs serum acquire an antitoxic proi>eit\ wliich protects 
their corpuscles against the liaeniolytic action of ichtliyotovin, or the 
toxic substance of tlie blood of eels. Tin Tchistovitch-^ lias not only 
confirmed this discovery, but has added toil new and inteiesting data. 

When antitoxic serum is mixed hi vitro witli red l>lood corpuscles 
of the species which furnished the serum and there is added to it 
some haemolytic I'cl’s sernin, it will be found that the red eorpuseles 
remain <iuite unaltered. In the control tubes, however, in which the 
antitoxic serum is replaced by normal serum of the same species^ the 
red corpuscles are very reatlily ilissolved under the toxic intluence of 
[IIS] the eeVs serum. In animals (rabbits) that are treated with this lattei* 
fluid, there is established not only an antitoxic power of the blood, 
but the red einquiseles acquire a resisting |K>wer more or less pro 
nouiiced against the ichthyotoxin of eel s serum. When the red 
corpuscles are sei>aj'ated from the serum of rabbits (treated w ilh eefs 
serum) and some ielitliyotoxiu is added to them, solution very often 
docs not take jilace at all. Aceonling to the experiments of 
Teliistovitch tliere is no direct relation between this accpiired re- 
sistance and the antitoxic powder of the blood. Sometimes even a 
kind of antagonism is observed betw^een the two pi-oj)ertics ; that is to 
say, tlie red corpusides of a rabbit whose serum is very antitoxic ma,}^ 

1 Arch, htfcnuit. ilc lOtarmacodijh ^ bruxdlesi et raris. ISDS, t. in and iv. 

- BcrL }du>. U VA//.W/r., 8. ir)‘2. 

Ann. tie i'ln^t Pm^tcur, Tavis, IS'df), t. xiu, p. lOO. 
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be extremely sensitive to the poison of the cel, wliilst the converse 
may also hold ^ood [ef. infraj p. 120]. 

The toxic action of the ceFs seruin upon the red corpuscles of a 
great number of Vertebrates is a natural property whieli demands no 
ptevious treatment of the eel. It is the antitoxic power, directed 
Mgainst the ichthyotoxiu, which is developed oidy as a result of the 
[ueparation of tlie animals by the administration of increasing <loscs 
of eel’s seiMim. Nevertheless we also find natural antitoxins present 
ill tlie blood of man or animals that have not been treated and wliicli 
act against the cell poisons, c} totoxins, so widely distril)nted in tlie 
blood of a large numl)cr of spe(*ics of animals. 

llesredka' has dcmonstraterl that the blood serum of ]\[an and 
many A^ulebratcs contains a substance whieh prevents the solution of 
]‘ed corpuscles umler the influence of blood serums of a diflerent 
species. To reveal the presence of these antitoxins it is useful to heat 
the sei uuis to 50"’ C. and then to add to them red corpuscles of the 
same s])e<*ies and some haemolytic serum of a different species. 
ITidcr these conditions the solution of the red cor|>uscles does not 
take place, whilst their mixture with haemolytic serum alone, in- 
cvit{d)ly pi*ovokes ha<anolysis. 

Along with Ihese natm‘al antiliacmoJysins tluu’e exist a nnmber of 
artificial a)iti)iacino1ysins or antihaeinotoxins. Jules Bordet^ was the 
first to draw aileution to this imt)ortant 8id)ject. lie first obtained 
tliese aniihaemolysins by injecting blood .serum of the fowl, wliieh 
possesses a very gi eat liaemolytic power on the I'ed cor})uscles of tlie 
rabbit, into individuals of this latter spceics. After some injections, [119] 
the serum of these treated ralibits was found to lie antihaemotoxic 
against the fowl’s serum. Later *, lUinlet obtained a serum against an 
ai titicial haemoloxin. The serum of the guinea ])ig is innocuous to the 
red corj)Usel(‘s of the rabbit. But when rabbit's blood was injectetl 
several times into guinea-pigs the serum of the latter became very 
solvent for the red corpuscles of the rabbit. To prevent this aetiou it 
is siiliieient to inject tlie liaemotoxiu of treated guinea-jtigs scvmnl 
times into rabbits. The scrum of tliesc rabbits becomes antihaemo- 
toxic and protects the rod cor[msclcs of the rabbit against the .sol v tad: 
action of guinea-pig’s serum. 

In the normal haemolytic serums, such as the seruin.s of the eel and 

^ Ann. Je Vfnst. Pai>'teur, Paris, 1901, L xv, |). 785. 

^ Ibid. J S99, t. xm, p.2s5. 

^ Ibid., Paris, 1900, t. xiv, p. 270. 
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fowl, tlic proi^eiioe of two substances which act by combining could 
not be demonstrated. On the other hand, in the serums that were 
obtained as a result of the treatment of animals by the injection of 
])lood from a different species, it was easy to ilemonstrate, as wc have 
shown in the ])i‘eceding chapter, tlie presence of two constituent 
substances w hich are : the macrocytase bilexine, com})le!nent) and 
the fixative (amboceptor of Ehrlich, sensibilising substance of Bordet). 
For this reason the: study of the antihaemotoxins obtained against 
artificial haemotoxins is eiido\vt;d with special interest. As tlie solu- 
tion of the red corpuscles, in this case, can be prevented either l>y an 
antitoxic action directed against the cytase, or by a neuti’alisation of 
the fixative (for the concurrence of tliese two substances is indis- 
))ensable in order that the solution may take place), Bordet tisked 
wliether the antitoxic serum, obtained by him in rabluts, is aidic vtatic 
or antitixative, or whether it contains both j)ro|»erties. Bidbie re 
solving this i>roblem it was necessary to establisli some of the 
essential characters of artificial antihaemotoxic serums. Tlie iiriiu ipal 
one amongst them is the resistance of these antihaemotoxins to a 
temperature of 55— Go' ( \ ; even when heated to 7o C, the antihai ino- 
toxins retain, at least in part, their fundamental property. In this 
res|K'ct thes(' substaiutes dilfcr from the cytascs and apjuoach the 
precipitins, tixatives and agglutinins. 

Ihe vmT exact ex])criments carried out l)y Bonhd. have riemon- 
strated tliat in the sinaim of ralibits, treated with the s|)ecjlic 
[r2(>] haemotoxic scrum of guinea-pigs, two substances, an auticytase and 
an antilixative, arc found in combination, 'fho ibrmer of those 
antitoxins is fouml in abundanee, but the amount of antifixativc is 
very small. Bordet Avas led to this result in the following wav. 'fo 
prevent the solution of the red eorpuseles of the ralibit in the liamno- 
toxic serum of the guinea-pig, it Avas neeessarv for liim to add a 
consiilerable dose (10 to 20 times) of the antitoxic sminn. When, 
however, lie lu'afced the latter to 55 tlie (piantity of this serum 
necessary to ])revent haemoh sis could be reilueed very eousideralily. 
Jii jdace of its being necessary to add to tlie hacmotoxic serum 10 or 
20 volumes of antitoxic vserum, it Avas suHicient to add three or 
sometimes only two volumes of this heated serum. As A^c know 
already, heating to 55'" C. destroys the maerocytasc wliieh should be 
found ill the antitoxic blood of the rabbit. This cytase by itself is 
incapable of dissolving the red corpuscles of the same siiecics : but 
Avheii it is added to the fixative of the haemotoxic serum of the 
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guinea-pig the macrocytaRC of tlic rabbit 8 serum dissolves them veiy 
loadily. Hence the conclusion that in the haemotoxic serum of the 
guinea-pig there must be present a quantity of fixative suflieiiMit to 
allow of the solution of the red corpuscles by the lujicrocytasc of the 
rabbit's serum. This antitoxic scrum, therefore, which only ]>revents 
the haemolysis on the condition of being added in comparatively 
large quantity, contains very little antifixative. When, by heating 
this serum to 55" C. we destroy the ral)bit^s macrocytase, the mixture 
of antitoxic serum of tlie rabbit arid haemotoxic sci um of tlu> guinea 
}>ig, which ordinarily dissolves the rc<l corpuscles of the ral>l)it, now 
leaves them i?itaet. The reason is that the free fix'ative contained 
in this mixture (1o<ns not find any available macrocytase : that of the 
r.dibit being destroyed liy the lieating, and that of llie gviinea-pig 
neutralised by the antitoxic seruuu The experiment 1 have just 
<lcseribed proves that this antitoxic serum contains specific antiey tase. 

This antieytase is capable of neutralising the gninea-j)ig’s macrocytase, 
but is altogc^tliei- powerless against that of the rabbit. This last cir- 
cnmsttmcc allows us to investigate whether the antitoxic serum of 
tlic rabliit contains, in addition to antieytase, a sp(‘<‘ific antilixative. 
Bordet pre})ared a mixture of antitoxic serum of the rabbit, heated 
to 55 C., with haemotoxic serum of the gnineaqiig, also heated to 
55" C. In this mixture the two macrocytases (that of rabliit and that 
of guinea-pig) have b(‘eii destroyed by heat, but the antitoxins of the 
rabbit^s serum and the fixative of the haemotoxic serum have re- 
mained inlact. This mixture owing to its want of macrocytases was[i2i] 
incapable of dissolving the red coi'inisclcs of the rabbit. By adiling 
to it some fresh unheated serum from a normal rabbit the rabbit’s 
Miacrocytase was introduced. As the latter could not l)e neutralised 
by the antieytase of tlie antitoxic scrum and Avas incapable, by itself, 
t)f dissolving the red corjmscles of tlic ralibit, it was unable to |)roduce 
haemolysis cxce])t on the condition that there is in the mixture a 
sufiicient quantity of uiUKMitraliscd free specific fixative. As a 
matter of fact, the rod corpuscles of tlie rabbit are not dissolved in 
the mixture described; this proves that the fixative had becol^(^ 
inactive in eonseipience of the presence of an antifixative in ilu’ 
antitoxic serum of the rabliit. T need not enter into further details 
of Bordet's experiments, which have fully demonstrated tlar fact that 
in the antitoxic serum of his rabbits there xvere really two antjloxins ; 
an antieytase abundant in quantity, and an antifixative present in 
much smaller amount. 
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Ehrlicli an<I Morgcnrotli^ quite independently of Bordet have 
sliown that an antihaeinotoxic serum is very rich in anticytase. After 
makint** a niind)er of injections of normal horse’s scrum (very rich in 
cytase; into a goat, they obtained in the blood serum of the latter an 
aiiticytasc very active against the cytase of the liorse. This antitoxic 
serum of the goat, as might be anticipated, contains no antifixative, 
the horse s serum tliat served Ibr the injections coming from normal 
horses which contained no, or very little, fixative. Kwn in another 
case, wh(‘rc these investigators' injected a ilog witli sheep’s serum 
very rich in fixative siiecific for the red eorjmseles of tlie dog, they 
did not succeed in obtaining any antifixative. These oliservations in 
no way diminish the value of the discovery of the antillxative hy 
Bordet, though they deiuoustratc that this antitoxin cannot, in 
certain cases, be found in the serum, f^hrlicli and Morgeiirotli them- 
selves throw out, in this connection, the suggestion that in these 
eases the autifixative remains linked to the cell which produces it, 
without being tlirowu off into the blood. 

I’he very precise data that we have just summarised do not seem 
to agree with the statements of certain other investigators. Thus 
[1221 Bchiit/t 3 ‘*, from Iris researches on the antihaemotoxie serum of guinea- 
pigs, directed against the rabbit’s haemotoxin, has 5»i*rived at the 
conclusion that in the foi*mcr an antifixativo oidy is produced. As 
he merely injected into his guinea-pigs liacinotoxic rabbits serum 
that liad been heatAal to 60 C. and conseipicntly dejirived of the 
macrocytase, he coucluded that in this smann there remained only 
the sjiecific fixative ea[)able of jirovoking tlie format ion of an anti- 
toxin. This must consequently be an antifixative. Paul .Miiller^ came 
to a similar conclusion, after injecting rablnts with tlie heated hae- 
motoxie serum of fowls. Tlicsc injections caused th(3 formation in the 
rabbit’s serum of an antitoxin that .Muller regarded as an antifixative. 

Ehrlieli and Morgenrotlr"^ objected to this inte)*[)retation, taking 
their stand on ex[)eriineiits made with the serums of normal animals, 
''fliey were able to show that these serums, when injected in the fresh 
stat e or after being heateil to (30 C., causeil the }>roduction of a corre- 
sponding antihaemotoxin which is nothing but an anticytasc. AVheii 

^ Jii r/. kliti, /7 W/y/^v7/r., 8. (iSJ. Elirlicli, ‘MJitxmiiiii Lecture,” Pmc. 

Roy, S>r. IDOO, Vol. i,xvi, p. 424. 

Jhi'L J.fijt. 8. 57a. 

3 Di'ufin'lh' nu'ft, Wrhitifchr., Leij»zig. UJOO, 8. Cll. 

4 Centralbl.f, /J<iktrnf>L if, Panfsitfnk., P*' Abt., Jena, 1001, Bd. xxix, 8. 175. 

" Ra-r l/iiL \Vr/rHsdi.r., 1001 , 8 . 251 . 
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Scliiitze and Paul Miillcr concluded Unit by lieating tlio sei uins tliey 
had entirely deprived them of cytasse elements tliey did not take into 
account the possibility of the cytases being transfonned, under the 
iiifluence of heat, into otlier bodies unable to produce haeinolysis, but 
quite ca))al)le of provoking the formation of anticytases. Ehrlirh and 
Morgenrotli give to these new bodies, derived from cytases under 
the inlluence of temperatures between oa fJO (\, the name of 
wmplrm( utolih ; and these eomplementoids appear in tlie exjau iments 
of Scliiitze and Miillcr to have caused tlie production of antitoxins - 
anticytases. 

In all the investigations just summarised the anticytases have been 
obtaiiicd by the injection into animals of various Idood serums, fresh or 
licated. WassermaiiiP has discovered another method of arriving at 
the same ]*(‘su]t. 1J(‘ injected into guinea )>igs the leucocytes oi‘ 

rabbits, carefully dejirived of all traces of serum. After some time 
the blood serum of guinea i>igs thus treated becanic weakly but 
<listinctly anticytatic. From this e\]>erimcnt Wassermann draws the 
conclusion that, as has been often aflirmed by several observers, 
tlie h'ucocytes really contain cytases. 

Mow' do the anticytases act upon the cytases :^ On this ])oint all 
observers who have studied this question have but one aiiswer, the 
action of the anticytases is diivct. Ilordet thinks that the two sub- 
stances coinbin(‘ so intimately that they caniiot 1 k‘ again separated by 
heat We know' that the cytases are very sensitive to lu^at and that 
their liaemolytic j>ro])erty is ilestroyial at 55' C. I'he anticytases, on 
the othovhand, as already noted, are much more resistant to the action 
of heat. Bordet has prepared mixtures of haemolytic cytase scrum 
and of antihaemolytic serum, neutral mixtures, that is to say, inactive 
for red corpuscles or with a very feeble action u]M>n red cor[)uscles 
that have l)eeii sensibilised by the specific fixative, 'f hese mixtuies no 
longer exhibit antihaemotoxic [)roj)erties or they exercise this j>owe]' 
in a verv*feeble degree. If in these mixtures the cytases remain 
uncombined alongside the anticytases, it is to be (‘X])e(^te(l that heat 
ing them to 55' (J. will restore the antihaernotoxie function of tin* 
anticytases: the cytases being destroyed at 55'' 0. there wall remain 
in the mixtures only active anticytase. Phe exi»enments made on 
this point have demonstrated that the heating of these mixtures rioes 
not restore the antihaernotoxie action, that is to say, the antic\ tase is 
definitely cond)iued with the cytase. 

^ Ztscfn\f. Loii>zig, laul, IM. xx.vvu, IS. i:mj. 
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Ehrlid) and Mori^enroth li«ave satisfied tlieinselves tliat their anti- 
hiiemotoxin exerts no intlueiiee, eitlier upon tlic red coriinscles or 
uj)on the fixative, and is only capable of jircventing the action of the 
eytase. Hiey introduced red corpuscles of* tlie rabbit into a mixture 
of goat’s serum, heated to 5(EC. and thus only rctaininu* its iixative, 
and antievtase serum. I'he fluid batliing the red corpuscles u as then 
removed by ccntrilVmalisation and tlie corpuscles uere mixed with 
normal haemolytic liorse's serum. Solution of tlie red corpuscles 
took i)lace at once as the anticytase had been complc'tely removed 
during eentrifugjdisation, being eombiued witli neither the red 
eori)Usdes nor tlie fixative. 

These investigators have* obtained various antievtases by injeding 
Heriun of various s)>ecics of animals into otlicr mammals, d hey ob- 
served, lioueve]-, that injections of the serum of an allied species did 
not bring about the formation of antievtases. Thus tlie injection of 
goat’s serum into sheo]>, or of that of sheep into goats, never produced 
anticytase serum. 

In addition to antiliaemotoxic serunis several other analogous 
[124] anticytotoxic serums have now been obtained, dims Dcle/enue has 
prepared serums wliieh ]u*cvent the action of nenioloxJn and of the 
cell poison whidi desti'oys the liver cells. \Ve^ have been able to 
obtain a rabbit’s scrum which jirevents the spcaanatozoa of tliis rodent 
being rendered motionless by the sjiecific spermotoxin of the guinea- 
pig. More recently Metalnikolf*-, working in my laboratory, has 
prepared another antisjiermotoxic serum which irrevcnts tiu' specific 
spermotoxin of the rabbit from arresting the movement of the 
gninea-i>ig's spermatozoa. 

As the history of these antisjiermotoxins presents certain interest- 
ing general features we may wiili advantage, ]>erhaps, dwell on some 
of tludr clianteters. The two antispermotoxins mentioned aliuve are 
distinguished by certain peeiiliarities. When ^letalnikufTset to work 
to inject rabbits sjiermotoxin into guinea pigs, lie tlioiight that he had 
an easy task liefore liiiii and that after a few injections the guinea- 
jiig s serum would become antis|)criuotoxic. dliis, however, was not 
the (*as(\ The serum from these animals when mixed with sjiermotoxic 
serum was powerless to jirevcnt the immobilisation of the sjiermatozoa 
of the guinea-pig. It was only when he heated the scrum of his treated 
guinea-pigs to 54) C. that the antispcrmotoxic power appeared witl) 

^ Ann, Jc riusL Pasleu)\ Paris, 1900, t. xiv, p. 5, 

“ Jbld.y p. 5S3. 



117 


Resorption of cdhuminokl Jiutds 

the greatest distiuctiiess. The inetticacy of the iiiiheated serum must 
thcj'clbre <lepeud on the toxic action of the guiuea pig s inaerocytase, 
because it is this substance alone that can liave been destroyed by the 
heating i)r(x*ess. Now, in order that tliis inacrocytase may axd, tlic 
presence of the fixative is necessary, wln*ch leads us to the eouclusiou 
that tlu! serum of the guiiiea-i)igs injected by Metalnikotf contained 
no antifixativo. This hypothesis was fully confirmed by oxj)ei inu‘nt. 
Metalnikotf introduced a drop of guinea-pig’s serum into a mixture of 
antispermotoxic seiaim, heated to 5(5' C., with si)ermotoxic serum. 
The spermatozoa continued their movements in normal fashion. l>ut 
when al'tcu'wards he a<lded a few droi>s of unheated serum from a 
normal guinea-pig the motions of the spermatozoa were arrested 
almost instantaneously. Consequently there was present iii the inix- 
tui-e rabbit s inaeroiy tase whicli had been neutralised by the autieytasc 
of the prepared guiiieaqug’s scrum and for that reasoji the spermatozoa 
remained motile. But iu the same mixture wo liad also the si>eeific[ 
fixative, eoining from the rabbit’s si)ermotoxie serum, vvhieh remained 
free and not neutralised. The motile spermatozoa had become im- 
l>regnated >vith this fixative iu\d a little guinea-pig's inaeroeytase 
(against Mliieli the autieytasc was ]K)wer]ess) was snfliei(mt to make . 
them suddenly cease their movements. 

There is no doubt, then, that tlie serum of guinea-pigs tliat luivc 
be(Mv tri'ated with s[)crmotoxin contains antieytase only and no, 
or almost no, antifixativo. Such is not the case with (he antispermo- 
toxin oi)taincd by us in rabbits that were tirated with spermotoxic 
t oxin of guinea- pigs. Several conseeutive injections were snfiieieiit to 
render the serum of the nd)l)its so treated ca|)able of jn eventing the 
action of the s|)ermotoxic serum of the guiiKiaqiig on the iiKjtility of 
the rabbit’s siiermatozoa. In the mixtnre of antispermotoxic serum 
and spermotoxic serum these spermatozoa continue to move for a 
considerable time, whilst in the control mixture ]>re|)ared with noianal 
rabbit s serum ami spermotox ic ’serum they become niotioiilcss at tlie 
end of a few minutes. To obtain this marki'd eifect it was not 
ueeessarv to heat the antispermotoxic senuvi as in Metalnikoirs case. 
Indeed J have performed almost all my experiments with fVosh serums, 
uuheated. tlie rabbit’s serum contains macrocytasc capable 
rcnderi)»g the spermatozoa, seusibiliscd l)y the fixative, na>ti(>nh'ss 
and as this inaeroeytase eannot be neutralised by tlie antieytase tl»at 
is active against the guinea-pig’s inaeroeytase, the fact 1 liavc just 
pointed out indicates that the antispermotoxic serum of m> rabbits 
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coiitiiin.s antifixative. The (liflerouce l>etwecii tlie aiitisperinotoxic 
serum obtained by Metalnikolf and that i»rej)ared by me is similar 
to that observed l^etween the antihaemotoxie serums. Sonu‘ eoiitain 
only antieytase but otlicrs undoubtedly contain antifixative also. 

As this r(‘sult ai)|)earo(l to me to be ol* Far-reacliini;’ importance I 
felt bound to verify it by anotlier method, 1 injected cei’tain ral)bits 
with sperinotoxic serum of the guinea-pi^‘ and others w itli fiormal 
guinea pig’s serum. The amount of cytascs being about the same in 
both, the strength of th(‘ serums obtained as tlie result of’ injections 
of normal serum and of specific serum should be the same if the 
antispermotoxic seruiiis contain antieytase onl}. Ex])enmi‘nt demon- 
strates just the contrary. The antis]>enuotoxic seiaim of rablvits 
treated with normal guinea-|)igs serum was on eveiy occasion much 
[i‘2(;]less active than the scrum of rabbits ijijcxded witl) the s|)ennoto\ic* 
serum of pre])are(l guinea-pigs. Tlui former contains antieytase only, 
whilst the latter contains in addition antifixative. Wcichhardts' 
experinuaits carried out in my laboratory corroborated the con 
elusion 1 liavc^ just formulated. 

Having made ourselves accjuainted with the constitution of the?: 
anticytotoxins we may now i)ass to the question of tlie origin of these 
bodies and of analogous ferments which act in the resorption of 
albuminoid substances in the blood and in the tissues. 

\\ e have already mentioned that the leucocytes are charged with 
a soluble ferment which digests gelatine, and that in animals treated 
Avith injections of gelatine these cells elaborate a much larger amount 
of the ferment. Here we luive evidence of a kind of education of the 
haicocytes to [iroducc a greater amount of digestive fcrnuait, in a 
manner <(uite analogous to that Avhich has been descrilKMl in Chapter 
111 in comiection with the augmentation of the jiauereatic ferments 
in intestinal digestiim. It is, then, ipiite permissible to look upon 
leucocytes, and probably phagocytes in general, as the source of the 
soluble ferment that digests gelatine. 

Is this the case with the other substances which take an active 
part in the resoiption of albuminoid substances in the fluids and 
tissues of the orgauism ? Up to the [)i*escut the origin of pre(:i[)itins 
and antiferments, such as antirennet, has not been studied. The 
problem being very comjilex and difiiciilt, it ajijiears to be impossible 
at present to solve it. It is kiuuvn indeed that the introduetion of 
these substances into the organism provokes a reaction similar to the 
^ Ann, dc I' Inst, rurii^, iixjl, t. xv, p, 833 . 
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one Ave have described in the case of the injection of gelatine into the 
peritoneal cavity of guinea-pigs. Thus ]\rorgenroth ^ obsej-ved that in 
his goats the subcutaneous injection of sterile 1‘ennet caused the 
formation of extensive infiltration at the seat of iiuanilation. (his 
l)ei]ig accompanied by fever ; av(' are justified in eoncludiiu!; from this 
that nmnet ])rovok(s a marked leucocytic reaction, llildebrandl ‘ has 
tUanonstrated by direct experiment tliat rennet, when cnclosc<l in 
ca])illary glass tidx's and introduced below (he skin of ral)bits, indm cs 
a marked positive cliemiotaxis. This led to tlu^ formation of a leuco- 
cytic ])lug sevtral millimetres long. Now we know fi'om Briot thatii-"] 
the ]‘al)bit is (*apable of pnalucing antirennet. Ilildebrandt has further 
shown that several other diastases, or hydrolytic ferments, such as 
sucrase and emulsin, give rise to a similar chemiotactic jdienomenon. 

Tlie leucocytic n^u-tion is conse(iuently a general plienonieiion lbll(Oving 
the introduction into the tissues of substances of coin]>]e\ clicmical 
compositio]! (*apable of ])rovoking the formation of antibodies. Wc 
are tcanpled from this fact to acce])t it as a law that the liaieocytes are 
cajKible of jjrodueing these latter snbstaiu^es. zVlthongh this hy]K)- 
thesis may be xovy ])robable, the number of taetsat our disposal is not 
yet sntticient to justify the statenumt that its truth is demonstrated. 

Sinec‘ it is the ivd eor})Uscl(‘S whieh arc' affected by the haemofovius 
it might be asked Avlu‘th(a‘ it may not l>e that these elenu'uts (hdend 
thems(‘h’cs by the |>r()du(‘tion of antihaemotoxins the overi>Ius of 
Avhith is thrown into the I>loo<l and fluids in general The researchi's 
(hat hav(* been made on this point relate esp(»eially to tin' anlihacnio- 
toxin of the blood serum of rabbits in relation to the iehtliyotoxin of 
eel's sernm. 

We must therefore examine the coll(‘cted evidence bearing mi 
untievtotoxins and analogous bodies and endc^a vour to form sonic idea 
as to their probable origin. A large accumulation of exact data licar- 
ingon (he antihaemotoxins does not alford us sulli(*ieu<> information as 
to the source of these substauees.’ 

Let us first examine tlie (|uestion, is it ])ossible to atti ibute to tlie 
red corpuscles the function of producing the antihaemotoxins? Tf 
these elements arc really tlu* sounre of the antihaemotoxins it is 
jirobable that the red coriuiscles of animals Avhose sernm is anti- 
haemotoxic Avill exhibit marked resistance to the toxins ; tlius avo 
knoAV that the Avhite eorpusclcs which produce gelatiuase digo-t 

^ CentrulbLf. /inkU'rb^L u, C-‘ AV»t., Jciiu, ISirJ, Bit xxvi, S. 

- Vlrchi}it\^ Arrliir^ Ik^rliu, I8l>a, Bd. cxsxi, S. 5. 
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gelatine iimcli better than does the scrum of tlic same animals. From 
the experiments of Tchistoviteh (/. e. mpra p. 110 ) on rabbits that 
have been immunised against eel's ichthyotoxin, it must be accepted 
that the red coipnsclcs of these animals are often very sensitive to 
the action of the ]H)ison at a period when the blood serum of the 
same rabbits exhibits a marked antihaeniotoxic power. It is not 
until later in the i)!oces.s of iinmunisation, when the serum loses a 
great part of this |)ower, that the red corjuiseles become resistant to 
the iehthyotoxin. 

Ikit before we al)an(loii the hypothesis of the j>rodiiciion of aiiti- 
liaemotoxins by the red cor|)uscles we must see if it cannot be 
reconciled with the facts, by the application of Khrlicirs side-cluiiii 
[128] theory \ This theory was evolved with the object of explaining the 
production of antitoxins and their action on baetci’ial and vegetalde 
toxins. Later, Ehrlich has extended it to tlie cytotoxins, antieyto- 
toxins and l)aeteriei<lal substances. 

Aeconling to Ehrlich the complex molecule of all)uminoid sub- 
stances (joiitaius, l)esides the central stable iiueleus, a number of 
side-chains, or “receptors,” which fulfil various accessory functions 
and serve especially fur tlie nutrition of the cell. These rece[)tors 
have a great uHiuity for the various substances necessary for the uiain- 
teiiance of the life of the cell. Under normal conditions these recejdors 
seize nutritive molecules, as a leaf of Dlonam seizes the', fly tliat 
serves it as foo<l. Under special eomlitions tl)ese rece|Uors lay lu)ld 
of complex molecuICvS of albuminoid substances, such as the various 
toxins. In this ease tlio rece[)tor, instead of eombining with a molecule 
whicb supports life, fixes a molecule whieli poisons tite cell. Accord- 
ing to Ehrliclfs theory on the constitution of toxins their molecules 
contain an atomic group which poisons — the toxophotr, and miother 
gr()u[) which eombiiies with the receptor the haptophorc. The toxic 
group of a complex poison, such as iehthyotoxin, cannot penetrate into 
a hmI corpuscle exeo|)t by ti»e help of the hapto]>hore group and of the 
corresponding receptor. AMieii a red corpuscle has absorbed a large 
nnmVier of molecules of iehthyotoxin, the united aetioji of tin? toxo- 
pliore groups renders life impossible and the eoi'[)usclc is dissolved. 
But when a red eorpusele has been touched by only a few toxic 
molecules, too few to eom[iroiiiiso life, there is merely immobilisation 

^ A7o/. Jnhrh., J(‘na, 1 SOT. 1><1. vr, S. 209; ‘^Crooiii.an Lecture/’ Proc. Roif. Soc. Lon- 
ihn, 1900, v\)l. i.wr. p. 424. Klirlicli, Jiazuriis ii. I’iiieas. *vIiOukaoi)ne, etc.” in Nothiiuger.s 
Specidk Pathohigie u. T/icraple, Wien, 1901, Ud. viir, Selilussbetraclitungcn, >S. 163. 
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of the receptors which are combined with tiic haptopliore jj^roups of 
the iclithyotoxin. As tliese receptors fulfil an important function in 
the nutrition of the red corpuscles, the latter reproduce them in larger 
numbers than were origimdly present. We know that in the i)lieiu)- 
mena of repair an over-i)roduction of the new-formed parts often 
takes place and, according to Ehrlich, to this over-production the pre- 
sence of antitoAins in the fluids of the body is due. The receptors, 
developed in excess by the red corpuscles, fill these cells, and no 
longer finding room therein arc extruded from them and overflow 
into the blood and other fluids of the organism. AVIien a fresh injec- 
tion of toxin makes its way to tlie blood it there nuads with a number 
of free receptors, endowed with an attinity for the hapto])hore group 
of the molecule of the toxic substance. The chemical combination 
between the two substances takes j>lac(5 at once in the plasmas, a fact 
whicli prevents the haptophore group of the toxin from uniting with 
the receptv>r of the red corpuscles and so iiijuring these cells by in- 
troducing the toxophore grou[> into IIkuu. According to this theory 
the same receptors which, in the free state in the fluids, fuliil the 
(uititoxin function become in the interior of the red eoi‘|)U,scles the 
vehicles of intoxica lion and eonsetpiently fultil a philofoxic function. 
This o)»j)osite role of the r(H‘eptorKS has often been compared to a 
lightning-cundiudor ; so long as the recei)tor8 are attached to the 
molecule of the living j)roto[)lasm they attract the toxin just as a 
lightning conductor attracts the lightning when it is badly insulated. 

So intcipretCil, it is easy to conceive that the red corpuscles of 
animals whose fluids are antihaemotoxic may be scFjsitive to the 
toxic action (jf eels serum, as has been observed by Tchistovitch. As 
soon as the protective fluids have been reuiovetl from the red cor- 
piLsclcs of the immunised organism, the corpuscles when plac(*d in 
contact with ichthyotoxin eels staaim} attract the hapto])hore grouj)s 
of the poison by means of their numerous receptors. These hapto- 
phorcs in tlieir turn introduce the toxophore grou}>s which dissolve 
the red coriniscles without the slightest dilliculty. This theory docs 
not ex|)lain the cases, whicli are numerous, in which the red cor|)uscles 
of rabbits that arc vaccinated against eeVs j)oison resist this jioison, 
(\imus, Gley, and Jvossel, Morkirig indepemlently, have arrived at the 
result that the red corpuscles of immunised rabbits, from wlu’ch the 
scrum lias been carefully removed, are not dissolved when submitted 
to the action of ichthyotoxin, whilst the red eurpuscles of untnN'ited 
rabbits placed under the same cuiiditiuns, undergo a rapid solution. 


[Ui)] 
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Tcliistovitcli coiiiirniing this fiact has added to it the observation tliat 
the resistance of the red corpuscles of the rabid t is most often found 
wlien the serum loses its antitoxic power. If the receptors of the 
red corpuscles of immunised rabbits, owing to their great iifflnity 
for the l)apto[)hore group of the ichthyotoxin molecule, only attract 
the toxopliore grou[) of this poison, as the lightning-conductor when 
badly insulated attracts the lightning, tlie red corpuscles should 
[130] never manifest resistance. To explain this contradiction we must not 
sup[)Ose that the red blood corpuscles which have become resistant 
liave got rid of tlieir receptors. In fact, if these receptors arc so 
necessary to the nutrition of the cell that their absence has set up 
tliis extraordinary over-production which has inundated the fluids, it 
is evident that one cannot admit the existence of red corpuscles 
entirely deprived of corres})onding receptors. 

When examined from ditferent points of view the hypothesis of 
the \)r()diicti()n of antihaemotoxin by the red corpuscles is surrounded 
witli very great dilliculties. It a|>pears to be probabh?, tlier(Tor<\. that 
the source of this antitoxin must be souglit for in other cell elements, 
and we may be allowed to recall to mind those cells which manifest a 
general and local reaction of the most constant kind aftei* each in- 
jection of ichthyotoxin. Tehistovitch has observed that cels sernm 
when introduced into rabbits in non-fatal but immunising doses 
excites a marked hy])erleucocytosis. 

The question ()f the origin of anticytotoxins being so comj>licated, 
it lias l)een necessary for its elucidation to sock an experiiiieiital 
method of excluding the organ in whicli the antibody is sn]>posed to 
have its origin. As we cannot think of eliminating tlie red or u hite 
corimsclcs, nor the greater part of the tissues and orguMS, there 
remains only one way of bringing about this result. It is the snp~ 
j>ression of tlie male genital organs. We know alrca<ly that the 
injection of semen readily excites the jirodiietion of a spermotoxin, 
and tliat this spermotoxin gives rise to the development of a cor- 
respondiiig antisperrnotoxin. If it is the spermatozoa, that is to say 
the elements having a particular attinity fur the spermotoxin, wliicli 
elaborate the antitoxin we must conclude that castrated males would 
be incapable of iiroduciug it. With tliis iu vievv we have carried out a 
great number of experiments which have amply proved to ns that mule 
ralibits when deprived of their sexual organs are fully as capable of 
devclo[)iiig antispermotoxiii in their fluids as are control rabbits 
in which the male genital apparatus remains intact. Doe rabbits, 
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iuul young, sexually iimnature rabbits of both sexes, also react to 
injections of spemiotoxiu by [)ro(lucing the correspondin'^ !intisj>erino- 
toxin. The specific eleuients which are sensitive to the action of a 
eytotoxin undoubtedly are not indispensable for the deveIopniei\t of 
tlie corresponding anticytotoxin. This result is in complete liarniony 
with the hypoth(;sis above put forward, that the red corpuscles cannot j i:u ] 
be regarded as the source of the antihaeinotoxiu. In the ease of anti 
spennotoxin this fact can be rigorously established by experiment. 

Here arises the folloniug (piestion. AVe have seen that the anti- 
eytotoxins are coiujmsed of two different sul)stances: an anticytase 
and an autifixative. The former is an antitoxin ca|)ablc of neutralising 
•niiicrocytasc, the soluble ferment which will attack indifferently all 
kinds of cell elements. It is not to be wondered at, then, that tlie 
exclusion of the si>ermatozou in no way prevents tlic ])roductiou of 
anticytase by an organism which receives injections of cytotoxins. 
These hitter, as we have already said, contain cytasi! along with the 
specific fixative ; tlie macrocytase can attack any kind of animal cell 
pi'ovidcd that it can find some fixative or any other means to penelrato 
into the interior of these formed elements. AVe have seen that the 
antispermotoxin, obtained by Aletalnikoff in guinea-pigs, does not 
contain any anticytase. .Amongst his animals treated with sjiermo- 
toxin was a castrated male guinea-pig which also produced anticytase. 
I’here is nothing astonishing in this fact, the injected cytase must have 
linked itself to many other cells w Inch were able to develop anticytase. 

But the cxam]»le of the antispermotoxin of the rabbits in my own 
experiments is very dilfereiit. In order that it might manifest its action 
the serum of these rabbits did not need to be heated to ot! it was 
not necessary to rid it of its own macrocytase which could have acted 
under the inlluence of the (ixative, if this latter for want of antilixa- 
tive had remained free in the added spennotoxin. This antifixative, 
then, is undoubtedly found in the serum of castrated males whicji have 
shown themselves capable of producing not only anticytase, but also 
antifixative. I'lus result has been further verified by comparative 
experiments on castrated male rabbits, some of which received 
spermotoxic gninea-i)ig's serum whilst the others received only 
normal guinea-pigs serum. It has been demonstrated that the 
amount of cytases remains almost constant in both normal and 
vaccinated animalsh If then, the antispermotoxins contain only 

‘ Bordet, Ann. de rinst. PusUiir, Paris, 18 !).% t. ix, p. I!).*); von Iii»i;,'(.'rn, 
Miinchen. med. IVchnschf., 1900, S. 678 . 



124 


Chapter V 


[132] aaticytasc, the injection of specific guincti-[)ig's scrum and that of 
normal guinea-pig’s serum should produce the same result, that is 
to say the serums of castrated rabbits, when treated by these two 
kinds of guinea-pigs serum, should exhibit the same antispermotoxic 
p(>\ver. j^]xj)erimeiits have, however, proved that this is not the case. 
The scrum of castrated rabbits that have been injected several times 
with normal guinea-pigs serum becomes distinctly antispermotoxic, 
but its jxjwer to jn-otect the s]>ermatozoa of the rabbit against 
being deprived of motility by the guinea i)ig’s spermotoxiii is greatly 
inferioi* to that wliich is develo[)ed in the serum of other castratetl 
rabbits that I injected with sperinotoxic guinea-pigs serum. Of 
course all the other conditions of the experiment were the same 
for the two groups of ral>l)its. 

Several series of facts, then, focus to this fundamental point, that 
the organism of an animal that has been dej>rived of its male sexual 
organs is in a condition to produce antispei-niotixative. Against the 
argument that we have <lrawn from the fact that the antispermotoxic 
serum of castrated rabbits that have been treated with sperinotoxic 
serum acts without being heated, might be cited certain experiments 
made by Ehrlich ami Morgenroth. The antis]u‘rmoto\ic action in this 
case, as already stated, tleinonsti’ates that tlie serum of prepared 
rabbits contains antilixative. Otherwise, lia<l tJie ^i^ati^’e not l)een 
neutralised, it would have allowed the maerocytase of the rabbit’s 
serum to arrest the movements of the spermatozoa. Now the two 
above-named observers have demonstrated^ that the injection of 
<liileri‘nt scrums into animals is capable of exciting in their blood the 
<levelo|)ment of anticytases. The maerocytase of casti-ated rabbits 
which, licfore treatment with the sjiermotoxin, was ca])able of arresting 
the movements of rabbits’ spermatozoa acted u[)on by a fixative, 
might liccome inert after the injections of sperinotoxic serum of 
guinea-pigs. To clear up this point I asked ]\ 1 . Weichardt^ wlio lias 
carried out work on this subject in my laboratory, to try by means 
of unheateil serums of normal animals, to restore the activity of 
s])ermotoxin tliat had been mixed Avith antispermotoxic serum. S|)er- 
niatozoa of rabbits Averc put into a delinite mixture of sperinotoxic 
guinea-pig’s serum, heated to aO'C., ami antispermotoxic serum, also 
heateil to oil i\ obtained from castrated rabbits that had been treated 
Avith s])ermotoxin. The spermatozoa remained very active in this 

^ /h'i'/. Jdin. Wchnarhr.f 3901, 8. ‘i.Ari. 

- Ann. dc I' Inst. Pastenr, P;iris, 1901, t. xv, p, 833. 
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mixture w])ie]i contaius s]>eeific fixative (in the s|>enuoto\ie i^uinea- [ 133 ] 
pig’s serum) and antispennotoxiii. To this mixture is aiUlcd a little 
normal rabbit's or horse’s serum, unheated. These scrums eoutain 
cytases and would be <|iiite capable of aiTCsting the movements of the 
spermatozoa if tlicre was found in the mixture any free lixalivo that 
woidd enable the macroeytasc to be linked to the ispermatozoa. I nder 
these conditions tlie spermatozoa remain motile for a long tiuu'. The 
iixative, tluvn, was no longer active ; it was neutralised hy the anti- 
lixative of the antis|)crmotoxic serum of castrated rabbits. A control 
experiment was made with the same substances ; but tlie castrate<l 
rabbits’ serum that had been treated with spennotoxi(; serum was 
re]>lac(‘d l)y the serum of other castrated rabbits treated Avith normal 
guinea pig's serum. In these latter mixtui’cs the spermatozoa became 
motionless at the end of a very short time ; tlie lixative, not lieing 
maitialised, readily allowed the rabbit’s and liorsc s cytases to alfeet 
tlie sjiermatozoa. 

It follows from all this that the antispermotoxic serum of easlrated 
male rabbits, when treated with normal guinea-pigs serum, (.'ontains 
antieytaso only ; uhilst tlie serum of castrated male rabbits, treated 
Avitli spia iHi* and ,s[)ermotoxie guinea-pig’s serum, contains antieytaso 
ami antiiixative. The latter, then, has been produced iiidc[»cmlcntly 
of (he sensitive elements, — the sjiermatozoa. 

Having established the fact that antis|)ermotoxiu docs not come 
from the male organs, it was necessary to try to ascertain its true 
soiin'c. AVitli this object in vic^w we injected s|)ei*motoxic serum into 
young raliliits ((|uite capable of producing antispermotoxin ) and tried 
to follow tlie fate of the sperniotoxin in the organism. When s|iermo- 
toxic guinea-])ig's serum is injected into the [leritoneal cavity of the 
rabliit a notable amount of spermotoxin is found in the tlii(*kcned 
])()rti<m of tlie omentum made up of lymphoid tissue. Ihit tlu^ greater 
jiGrtion of the poison passes into the circulation whence it goes to lix 
itself in various organs, os])eciaIIy the spleen. At the moment when 
tlie sperniotoxin is found in the blood a certain (piantity of this fluid 
was drawn off into tubes coiitaiinug some drojis of extiact of leeches’ 
lusids. After tlie lilood thus treated had been ceiitrifugalised the 
jdasma was decanted and its ])ower of arresting tiie movements of 
spermatozoa was com])ar*cd with that of serum of the same I>Ioo<i 
prepared iu the usual way. From these resca relics it results tliat the 
])lasma is always riclier iu sperinotoxiu than is the cor responding [134] 
serum. Sometimes the ditrereiice in favour of the jilasma is very great. 
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A part of the spcrniotoxiii passes into the kidneys and tlie supra- 
renal capsules. It is probable that, as is the case with so nmny soluble 
poisons, a certain [)roportion of the spermotoxin may be eliminated 
by the uropoietic organs. A small (piantity of this i)oison is found 
also in the male and female sexual glamls of young non-casirated 
ral)bits. 

The search foi* some main centre of origin for the production of 
antisj>ermotoxin has ;is yet led to no positive result. The j)ower of 
arresting the movements of sj)ermatozoa first appears in the blood 
plasma, and it is this same fluid which, later, is more antispcrmotoxic 
than is any organ. Amongst the tissues whicli fix spermotoxin tlie 
genital organs \ih\y not the slightest part in the ])ro<luction of anti- 
spermotoxin. The experiments with castrated rabbits ahbrd suillcient 
l>ro(>f of tliis. On the other hand it becomes moi*e and more probable 
that the phagocytic system, disseminated in mtiny organs, and especially 
the leucocytes, furnish the autispermotoxic substance. The tixatioii 
of the stiermotoxin by the leucocytes of the blood, such as tlie ct^lls of 
the omentum and of the sj>leen, already offers us a valuable imlication. 
The absence of any [larticular organ that might have the monopoly of 
fixing the spermotoxin and which should later be found eharge^d with 
a [predominant amount of antisjpcrmotoxin also sjpeaksin favour of the 
pliagucytic origin of this antitoxin. 

After a single iutrajpcritoneal injection of s))ermoto\ic guinea-pig’s 
serum into young rabliits, the blood of the latter is distinctly s[)ermo- 
toxic for sevend <lays ; later it becomes indifferent, but eight or ten 
diiys after the commencement of tlie experiment the blood begins to 
exlnbit an autispermotoxic power. In these cases tln^ plasma shows 
itself more active than the scrum. When the rabbits are kille<l at this 
stagr of commeneing antitoxic [production, it is found that an extract 
of the organs is not autispermotoxic or only feebly s(p. In all cases this 
power, when it exists, is more feeble than that of the blood fluid. I'he 
results olpfainod with extracts of organs are not constant, h^ometimes 
the spleen possesses more antitoxic activity, whilst the liver, thymus, 
omentum, lym[)hatie glands ami genital glands exhibit none of this 
[property. In other cases the survival of the S[)ermatozoa that are 
[ 135 ] influenced by the s[pormotoxin has been longest in the extract of the 
suprarenal eapspdes. Sometimes the exti*aet of the (pinentum exhilpits 
the greatest antispermotoxic [power. This gi'eat variability in the 
development of the pro[)erty of [protecting tlie spermatozoa accords 
well with the idea that the elements which produce antis[permotoxin 
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arc wandering cells Avhicb, under diverse influences, may be localised 
in very diverse points of the organism. 

We niiist not deceive ourselves. The fixets which have been 
collected up to the present do not alhnv us as yet to form a final 
opinion on tlie origin of anticytotoxins, but we are quite justilied in 
regarding as very probable the hypothesis tliat the idiagocytes pi ay a 
most important part in the process. It is in all cases beyoiul doubt 
that tlie amoeboid cells which rcsor!> the formed elements play a very 
important j>art in the resorption of fluids of very complex molecular 
composition. 
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NA'f'URAL IMMUNITY AfJAlNST PATHOGENIC 
MICIiO-OIIGANlSMS 

Natural immunity and tlio eoinposition ol' llio body fluids. — Cidtivatifui of the 
bacteria of iiilliienza and |)kMiro-piicumonia in the fluids of refractory aninials.- 
Itcsistanco of Daphnlae to the lilastomycctes. — Kxami>les of natural iinmunity 
in Insects and Alollnsca. — Iminunity of Fishes a^^ainst the antlirax bacillus. — 
iminuuity of frogs agaiiust aiitlirax, Ernst’s bacillus, the bacillus id mouse 
septicaemia and the clnilera vibrio. — Natural immunity in the cayman.- * 
Immunity of the fowl and pigeon against anthrax and Jiumati tuborculosis.- 
Imiminity of the dog and rat against the anthrax bacillus .‘-Immunity of 
Mammals against anthrax vaccines. — Immunity of the guinea-pig against 
spirilla, vibrios, and strei»tococei. — Natural immunity against anaerobic bacilli. 
— Fate of lilastoniycotes and TrypatiosonufC iu tlie refractory (»rgaiiism. 

In the third chapter reference has l)ecn made to the frequency of 
cases of natural immunity against infective diseases. E.vamplcs of this 
immunity occur in the lower animals — the Invei tcbrata—and are 
widely met with among the Vertebrata. Wc have already mcfdioned 
that tins natural immunity can be attributed neither to insuscejiti- 
bility to mierol)ial toxins nor to the elimination of the micro- 
organisms by the exeretory channels. Ncvertheles.s the jrathogenic 
agents which have penetrated into the tissues of tlie refractory 
organism disappear, without being eliminated. To facilitate the 
study of their disapjiearanee it has been necessary to pass in review 
tlie phenomena that follow the introduction of foreign bodies into 
tlie organism and to present a brief analysis of the process of re- 
sorption of cell elements iu its relations to digestion. We have tried 
to demonstrate that resorption is nothing more than a pi’oeess of 
digestion which, instead of going on in the intestinal canal, takes place 
ill the tissues ; that it is, indeed, an intracellular digestion exactly 
comparable to that wliicli serves for the nutrition of cerfoiu of the 
lower animals. 
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A knowledge of all these facts is necessary hefore we can deal 
with the subject to Avhich the present chapter iniisi be dovoled— 
the innate natural immunity of animals and man against paihogeni(‘ [137] 
niicro-organisins. As, under natural conditions, it is the ini(‘rO' 
organism and not its toxic products Avliich invades the organism, it 
is clear that we must give the first place to tlie study of imnmnily 
against the nricro-organism. The more so because this form of im 
munity is much more frequently met with than is an insusceptibility 
to toxins. 

Since the animal organism has a ve?7 variable composition it 
might be conehnled that the micro-organisms find in the refraetorv 
•sj)ecies simply a chemical medium in Avfiieh they cannot live. We 
cannot go far in the discussion of this snpjmsition without seeing that 
it may be rejected. Among the pathogenic micro-organisms some are 
distinguished l)y a great fasti diousuess and sensitiveness as regards 
the medium in wliich they are placed. Sncli, for cxamjile, are the 
]);irasites of malaria and their allies. They live insi<le the red Idood 
cor[)usc1es of Vertebrutn and api»ear to 1x5 extremely diseriniinating 
in regard to their reqnireinents. All animals, even monkeys, are 
refractory to liuinau malarial fevers. It might be concluded from 
this tliat hei’c at least the immunity may be <lue to the fact that the 
rhemical conqx)sition of the contents of the red corpuscles in the 
immune animals is different from that of tlie red coi-puscles of man. 
liut when we see, as was first demonstrated by lioss^, that the malaria 
parasite of Lavci*aii, liaving made its Avay into tl»e digestive canal 
of certain inosfpiitos (AHopheliS)^ there develops abundantly, it is 
diiheult to maintain this thesis. 

Among otlier micro-organisms of animal origin wo have the Try- 
panowmaj the parasite of tlie terrible disease pn>pagated by the 
Tsetse fiy which commits such ravages amongst inaininals. Man alone 
escapes it, exhibiting a natural imnmuity that nothing ai)])arently can 
overcome. Are we to afiirin that it is the difference in tlie eliemieal 
( oinposition of the human body Avhich assures to nnui his inirnuuitv 
against a parasite that attacks indifferently an herbivorous animal, 
such as the ox or rabbit, or a carnivorous animal, such as the dog ? 

In tliesc examples I have chosen merely tliose micro-organisms which 
it has never l>cen possible to cultivate on any artificial iiutiicid 

^ Brit. Moh Joirrn,^ London, 1897,11, p. 1786; 1808, i, p. o.'jO. Ann. fie Chut. 
Pa.Heur, Paris, KSOO, t. xitt, p. 3 36. 
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medium aud wliich are kept alive with very great difficulty outside 
tlie living organism. 

AVhat is to be said tlien of the vegetable micro-organ isrns wliich, in 
[1 as] this resj)ccb J»ineh less exacting? The most in^portant of these 
and llie most numerous of all pathogenic micro-organisms, the 
Bacteria, can as a rule be cidtivated Avitliout diiUculty not only in 
the blood and fluids of animals that are susce]>tible or refractory 
to their morbific action, l>ut also on all kinds of vegetables and 
artificial media : l>roths, fluids composi'd of mineral salts and of 
certain organic sid>stan(*es. It is really not ]>ossi})]o to attribute tlie 
natural immunity of the dog and tlie fowl against the anthrax 
bacillus so fatal to a great number of mammals, man included, — 
to its incajiMcitv to feed on the Iluids of tlu se animals, when we sec 
that this same bacillus is capable of killing lower animals, sueh as 
the cricket, and can thj-ive on carrots, pot;itoes and other vegetalilcs. 

Kven wlien, among tin? bactmaa, we tak<‘ those that ai*c most 
exactiiig in the clioice of tlnar food, we still find it imjiossible to 
explain natural immunity as being due to the want of poMcr on tile 
part of these organisms to obtain their nutriment from the juices 
of refractory species. 1Tie liacillus discovered by U. Bfeilfer^ in 
influenza does not develop on mc*dia that ai e ordinarily em])loycd in 
baeteriology in the eultivation of a great number of micro-organisms. 
It needs a spec ial food, wliieli is pre|)ared for it l)y spreatling a (boj) 
of fVesh l)lood on the? surface of agar. Pfeiffer has established the 
fact confirmed l)y many oliservers that the best si)e(?ies of blood 
to nsc‘ for this purjiose is tliat of fhe jiigeon. We sliouhl have to 
believe, then, did tlie immunity ivally dt?pend on tiie eompositiou 
of tlie fluids, that the i>igeon is the least rcrractory of all animals. 
Bx[)criment lias demonstrated the erroneousness of such a supposi- 
tion : the liigcon is qnhe as refractory to Pfeiffer’s bacillus as arc 
most other species of animals. 

As a second examjile •he bacterium of bovine plenro-pnenmonia 
may be cited. It is the smallest of all known Viacteria. The diffi- 
culties surrounding the discovery and identifKation of this oiganism 
were very great, and the ingenuity of Xoeard and Roii\ ‘"’ was recpiired 
for the demonstration of its existence. Yeiy exacting in its choice of 
nutririve material, it was first eultivatc*d in the fluids of the rabbit, 
a species endowed with an alisolute iminimity against bovine plenro- 

^ ISli.'C Uii. xiii, S. ar>7. 

Aua. di' rh(.<t. Paris, 1808, t. xir, p. 210. 
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I)iieumoiiia. It is unnecessary to examples to obtain a 

general proof tliat natural iuimiinity against inicro-organisms cannot 
be explained by the incapacity of these pathogenic agents to live in [i:U)] 
tlie fluids of tlic refractory organism. 

We must, Inuvever, ascertain what takes ])]ace in resistant, animals 
inoculated with micro organisms. Here, again, it is prcfcral»le to 
l)egin with the lower animals of sim|>le organisation. We have already 
seen that e\am])les of natural immunity are not rare in the Invei*' 
lebrata. Wlicn engaged in the study of the disease found in 
DniiUnlar, .small Crustacea so eommon in fresh water, 1 was al>h‘ 
to show that the special niastomycetc^s which cause it meet with 
•a vigorous resistance oji the ]>art of tl)e organism. As the Daphiuta: 
are small, transparent, and consequently easily observe<l under tlie 
mici*os(;(>f)e, T was able witiiont <linicnlty to establish the main 
plienomena observable in these organisms. I can be the more brief 
in desc ribing these ])henomena of i^esistajicc as, in addition to de- 
voting a s])(‘cial memoir to the Daphnia disease', I have, iu my 
Jj(‘cfer(.s OH. i ihftoiHHuftioH (j)p. 1)7 lo;f)y described at some length 
the reaction of their organism to the Mimosporo, It is nevertheless 
necessary tliai 1 sliould rec all, very bi’ielly, the mechanism by wliieh 
these small crustaceans secure immunity. 

'Fhe spores of t])C j)arasitc - very delicate and rigid needles are 
swallowed witli the food. Ily means of tlu‘ir sharp ])oints they 
])erforate the intestine and penetrate into the l)ody (*avity, full of 
blood, where they find theinscdvc^s ox]>osed to the attacks of leuco- 
cytes. These haicoeytes, guided by their tmdile sense, gathc'r aroiiml 
the foicign body, ingest it eompletcdy and destroy it. It is remark- 
al)le that the s])ore, vhich is furnished with a very resistant 
membrane, once in the iiderior of the mass of Ienco(‘ytes, undergoes 
modifications which aiford evidence of the presence in tlusc cells 
of an extraordinarv digestive [)ower. The sui faee of tlie spore, from 
l>eing smooth !ind regular, l>eeohjes pitted and sinuous, llio spore 
breaks up into fragments and is reduced to a mass of dvlnia whicli, 
in the form of l>rown granules, remains iiiderinitely in tl»c contiaits 
of the leuco(*ytes. From this it is evident that tliese phagocytes 
must produce a ferment whicli is capable of digesting the cellulose 
or analogous substance which forms the membrane of the spore. 
Unfortunately, tlie small size* of the Jhrphtiiaey so useiul for the 

^ VtrchoiD if Archir, 1SS4, liti. xcvi, S. 177. 
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(liroct o\)serv:itioii of the phenomena of innnunity, presents an insur- 
inonntal)lc obstacle to the study of its leucocyte fenneuts, especially 
in vitro. 

[ 140 ] Tlie (Icstniction of the spores of the ])arMsiic l)y the leucocytes 
secures to tlie Dopitnio a real iinTnuiiity. Of a, ])iualre(i Doplmiae 
tahou iu my afjfuarium uial carefully examiiuMl under the microscope, 
fourteen only were found to be infected by th(‘ budding* conidia of 
the i>arasitc, whilst liftv-nine of the others contained the remains of 
spores that laid been destroyed by the phagocytes. When transferred 
to i)ure water containing no new source of eoidagion, these Difjthniae 
nourished and lived a normal life, giving birth to a numerous ])rogeny. 

The iminunity of tlie Jhtjthnia, due to the intervention of 
})hagocytes^ is an exam})le of natural, individual immunity, Tt is 
not the s]>ccilic or racial j)ossi‘ssion of these Crustacea, for wlien 
the l(vucoc> U‘S <lo not seize tlie spore, at once, on its penebatioii into 
the body cavity, it commences to germinate and gives rise to a whole 
generation of budding cells. I hese cells, then, secrete a poison wltich 
not oidy repels the Icncocvtes, but kills and completely dissolves 
them. Umler these conditions the Daphnia is disarmed ; the 
parasites grow iu the organism, deprived of its arm of delbuce, as 
ill a culture tube, and the animal rapidly succumbs. 

Since 1 first observed this struggle between the Daphnia and its 
parasite, some eighteen years ago, no other example lias l>een found 
that is so easily observed ami so demonstrative of the protective 
action of phagocytes in an animal that can be kept under observation, 
alive, under the microscope, (^ases, however, are not wanting in the 
Invertebrata in wlHc*h the dilferent phases of this struggle may be 
observed Avith suHicient accuracy to warrant the eonclusion that in 
these lascs also the iihenomena arc analogous to those observed iu 
the case of the Dapliniae. 

It has already been stated iu Chapter iii. that the larvae of the 
rhinoceros beetle (Orpefes na.<iror)m\ although very sensitive to the 
cholera vibrio, are very refractory to antlirax and diphtlieiia. In 
order that wo may obtain some idea of the mechanism of this im- 
munity let us inject into the body cavity of these large Avhite grubs 
a tra(*e of anthrax culture. Jn tlie blood, drawn off the following 
morning, the injected bacilli are found, not iu the plasma, but inside 
many of the leueocytes. Here there has occurred, as in the Daphnia, 
an ingestion of the parasites which liave then been destroyed by the 
intracellular digestion of phagocytes. The process is the same, then, 
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as that which the rcsoi*i)tion of tlie red corpuscles of the ^oosc 
tiikcH place wlicii tliey are injected into the blood of cockcliafer larvae. ( 14 J ] 
111 both cases the Ibreign bodies are ingested and destroyed by the 
leucocvtcs of the blood; this act of resorption, however, taking a very 
long time. 

AlMiougli the leucocytes of the larvae of the rhinoceros beetle 
exiiibit a positive chemiotaxis for the bacillus, these sanie cells 
behave in a very different fashion in presence of the irholera vibrio. 
Very small ({uantities of this vibrio, when injected iiito the blood of the 
larvae, give them a fatal <lisease : the vibrios excite in the leucoeytos 
a negative chemiotaxis and flourish without hindrance in the blood 
plasma. The larva is soon transfoiined into a culture vessel and the 
numerous vilirios that develop in it cause the death of the ainmal. 

'file dilh rence in action of the two bacteria cannot be explained 
l»y any corres|K>nding dilferencc in their nn^dc of life in the blood, 
licmovcd from tlic organism the blood plasma of the white laiaae of 
the rhinoceros beetle is a cidture medium just as fav'ourable to the 
growth of the anthrax bacillus as to that of the cholera vibrio. 
Moreover, the former of these miero-orgauisms is (juite ca|)al)le of 
setting ii)> a fatal disease in other representatives of the class of 
Insects. Kovalevsky’ has discovered in the house ei'ieket four piiago- 
eytic organs, with a great a[)petitc for all kinds of I’oreign j>artieics 
that may iienetratc into its l)ody. The blood of mammals, when 
injected below the skin of tlie erieket, is rapidly al)SOi*bed liy the 
ceils of the iuur ''spleens’' -'for so Kovalevsky designates these 
phagocytic organs). The resorption of the red blood corpuscles goes 
on within these phagocytes owing to their i)0\vcr of intracellular 
<ligestion. Wlien Ivovalevsky kept crickets at a tem])erature of 
22 '-— C. and injecte<i them with anthrax bacilli he nottal fhat 
these bueilli also were ingested by the cells of the s])leens. There 
was, thus, no manilestation of negative cliemiotaxis of these elemeids 
towards the bacillus. The ingestion of the Imeilli by tlic jdiagocv tes 
was not sullieit'ut, liowever, to ])rotect the animal. The bacilli nv 
)»rodueed themselves rai)i<lly in the blood iiuid ; tlie intracellular 
lacunae of tlie spleens were full of them and tlic crickets (piickly 
succumbed to the infection. 

Xevertlicless these crickets are quite cajiable of resisting certain 
other liacteria. Balbiani^ has sliown that they are refractory to [ 112] 

^ }hi!L Acad, d, ac. dc St Pt tcrah,^ ISJM, t. xiir, p. P'lT. 
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a great niimhor of bacilli belonging to the group of Bactllns snljtlU>i. 
Ife observed that when injected into the body of the cricket tlicso 
bacilli are devoured and destroyed by tli(‘ leucocytes of the blood 
aiul by tlic large (;ells of the pericardial tiss\ie corresponding to the 
eleinents of the sj)leens of Kovalevsky. Wtulst the crickets and other 
Orthoptera, which are ricli in phagocytes, exhil)it a real ininuinity 
against tlu'se liacilli, insects which luvve very few leucocytes such 
as butterflies, flics and llynienoptcra are found to l)c iniicli rnoro 
snsceptible to intectioii l)y tlie same bacilli. In this case the direct 
relation befwecn imnuinity and ])hagoeytosis is very marker!. 

1’he Mollnsca also furnish some interesting examph^s of natural 
immunity. Karlinsky^ has obsru-ved that anthrax bacilli, wlien in- 
jected into the bloo<l of slugs ami snails, soon disappear from their 
bodies ; tlu'se pidmonate Gasteropods are al)solutely unatlected by 
this bacillus so formidable for many s|H‘(*ies of aJiimals. From the 
rapidity of this disappearance of the bacilli it has even been eon- 
eluded that it was impossible for this l)acillus to live in tlie hiiids 
of Mollusca. Kovalevsky (/.c. ]>. 44:1) has studied this (juestion Avitli 
the carefulness that characterises all his weak. He confirms the 
fact that snails {lldl.v ptHnatla) resist tlie introduction of a large 
(prantity of anthrax bacilli into their bodies ; In' notes also that 
tiu'se bacteria disappeai* from tin? lilood. lint he finds them again 
in the tissues of the foot, and especially in the cells which surround 
the jiidmonary vessels. ‘‘'The greater numher of the bacteria are 
found in the cells of that part of the jiulmonaiy region in ITdix 
vvlfu‘h adjoins the heart and kidmw. All the bacteria weri^ ingested 
l)y tlie cells and 1 easily succeeded iu <lemoustratiug this not only in 
sections but also in bulk ’ ip. il lX The snails remained iu good 
health iu sfiite of the preseuee in their ] phagocytes of numerous 
bacteria wlii(4i maintained themselves there for some time. At the 
end of ten or twelve days and more these bacteria still jireseuted 
tlu‘ir usual as|)ect ; this accords well witli the slowness with wliieh 
intracellular digestion goes on in the majority of the luvertebrafa. 
These bacteria were, liowever, no longer living, althougli still iin- 
digest(‘d. Morsels of the judmonary tissue of the snails that were 
iujected with anthrax bacilli still gave cultures 48 lioui's after iu- 
jectiou ami contained bacilli capable of giving fatal anthrax h) mice, 
liater, media seedo<l with similar particles remained sterile, and mice 
inoculated therewith eontimied to live. From these experiments it may 
^ (knfvaihif. BakUriol. a. ParasUi'nL,, Jciia, 18S:>, 84. v, S. 5. 
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l)e accepted that bacteria, in the blood pla-ina, btM’ome the 

])rey of phagocytes \vhich render them inolfensive and kill them. 

This example demonstrates once again that ilie organism gets rid of 
bacteria by the same meclianism as that which s(‘rves for the i*e- 
sorption of any of the formed elements. The snail reacts to baett ri a 
as it <h)es to th(‘ red corpuscles of the goose. 

ft is unnecessary to insist further on the natural immimity of th<' 
Invertebrata, ami it is useless to niultif)ly exam])les whicli always 
point in the same direction: to the iin])ortauce of |)hagocytic reaction 
and of intracellular <ligestioii in resor|)ti()n and inmninity. We must 
pass on to the exainiiiation of tlie reaction jdicnomena of the 
vertidn-ate organism towjn'ds pathogenic micro-organisms, following, 
as Intherto, the conip;uati\c method. ^Ve will comunmee with the 
study of the natural imnmnity of fislies as lower represetitativos of 
the great group (d‘ the AT‘rtebrata. 

Ft is M'cll known that ilshes art' liable to infective diseases and 
pisciculture has often to de[)lorc considerable losses l>roHght about 
sometimes by ccnlaiii of the lower Fungi (fjf. Saproh (fitiai ), some- 
times by ]ki(*t(n*fa. The pathogenic mierolx's wl)ich produce (‘pi- 
demies in fislu'S are still little understood ; but among the bacteria 
wljieh kill many of the higher animals are ;som(‘ which cause fatal 
maladies in certain lislu's. Thus the anthrax bacillus so viiadent for 
many mainuials is capable also, as wci have seen, of |>ro(luciug an 
iidection in the ciickeb and ma}^ cause the deatli of small marine 
ossi'ous fishes, the UlpjxHuan})!. Sabrazes and Folomboth wlio have 
studied this <|uestion, have demonstrated that the anthrax bai'illus, 
Avhicii is vindeiit for the rabbit, when inoculated into tliesi* fislies 
first jiroduces swellings at the seat of inoculation and ultimat(ily 
becomes generalised tiirouglnuit tlie body, ]>roduciug a fatal scjiti- 
eaemia. As these ex]>criments have given tliis result at a> temi>erature 

of 11 1(> 0., it is (juite evident that the bacillus, in order to 

manifest its ^lathogeuic ell'cct, in Uo way ncctis the liigli tempeniiure [M 1 1 
of the mammalian body for its action. 

Now among lishes there are not wanting species whicli resist the 
anthrax bacillus. jMcsiiil- lias, in our laboratorv, thoroughly studied 
the meclianism of this immunity, lie has shown that several IVcsh- 
water iishes, ejj, the perch ( V< rca the gudgeon 

jluviatilis), and the gold-lisli {(Jarassim (ittnitf/s), will resist an 

^ (fe Paris, ]8f!4, t. viii, j>. (>DG. 

* Anti, dc e Imt. PaaUary Paris, 18ar», t. ix, p. :loi. 
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injection of a considerable miinber of bacilli into the abdomen. 
Wlieu kept at temperatures of — 2(f C. or even 23' 0., a tem- 
perature at wliicli the bacilli are able to develop very abundantly, 
these fishes destroy a large number of the 1)acteria in their bodies. 
Soon after the introduction of the bacilli into the peritoneal cavity, the 
nuiiieroiis leucocytes accumulate around them and ingest them by the 
same meclainism tbat is observed in the Tnvertebrata or in the same 
fishes wlien absorbing the red blood corpuscles of alien s[)ecies. In 
the gudgeon^ at as early as six and a. half hours, a very marked, nay, 
an almost complete phagocytosis is set ui>. 

It is impossilile to doubt tlie fundamental fact that the bacilli, 
at the moment of tlieir ingestion, are in a perfect condition of 
vitality and virulence. The tluid of the jioritoijcal exudation, Avheu 
Avitiidrawn from tlui animal, is of itself incaj>able of [nx^venting the 
development of the anthrax bacilli. The peritoneal lym{)h of the 
abovivmentioned fishes is, in ritrOy even a good culture medium for 
these bacilli. 

^V^llen, long after the comjihdion of the ])hagocytosis by the 
leucocytes of the ])eritoiu*al exudation, a droj) of tin? ('xudation is 
witlulnuvn and kept outside the organism under suitalile conditions 
of temjK'ratun^ and moisture, a numlier of the ingested bacilli begin to 
multiply and give an abundant culture. This experiment proves, in- 
disputably, that the bacilli are devoured in tlie living state. If a. little 
of tlie iieritoneal exudation, withdrawn several (up to nine) days after 
tlie injection of the liacilli, lie injected liclow the skin of guinea-pigs 
these animals die from generalised anthrax, a fact which demonstrates 
that the bacilli, which have been ingested alive, have retained tlu'ir 
virulence a long time after they have been devoured by the Icuco* 
cytes. l]ut, if the periloneal exudations that have been Avithdrawn at 
still longer periods after injection lie examined, it is found that they 
1 no longer contain bacilli cajiablc of develoiiing in culture media or 
of setting up the disease in the most suscejitilde aninud. lienee it 
follows that in the organism of the refractory fish, the bacteria arc 
not destroyed by tin* fiuids but l)y the phagocytes, Avhieli take a long 
time to bi ing aliout the complete intracellular digestion of ingested 
micro organisms. 

The i)hagoc\ res which assure immunity to tlie osseous fishes that 
Avere studied by Mesiiil Ix'long priiici[)allA' to the group of haemo- 
maerophages. These are leucocytes Avith almmlant protojdasm 
Avliich stain rendily by basic aniline dyes, mononuclear cells wliose 
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nucleus, however, is sometimes divided into lobes. It is to be noted 
that in the perch these are the sole representatives of the motile 
phagocytes, and tliat in tliis fish not only the eosinophilc biit every 
otlier variety of granular leucocyte is completely wanting. In the 
gudgeon, in addition to haet nomacrophages, some microplniges whose 
])rotoplasni stains hiintly with acid aniline colours are met with. 
These tacts will be useful to us when we come to study the part 
jdayed by phagocytes in immunity from a general ])oint of view. 

Another class of cohl-bloo<led animal, the Amjdnbia, has been 
much more frequently studied from the [>oint of view of infection 
and iiniminity. Tlie fi’og, an animal so convenient for many physio- 
logical and iKithological researclies, has been much (Muphjycal for 
the study of ininiunity against pathogenic mici-o-organisms. Quite 
a literature, whicli has l)eeu excellently summarised in the memoir of 
Mesnil already cited, and to wliieh wa^ shall have occasion to return 
more tliaii emee, has been accumulated on the subject. 

Tljc immunity of frogs against the anthrax bacillus was early 
demonstrated and studied in llobert Koch’s celebrated memoir’ 
on anthrax. This observer, after injecting an emulsion of anthrax 
spleen into the lym])h sac of the frog, recovered tlic l>acilH from 
the interior of round cells which luirst readily wlien tTans|)ort<Ml 
into water. Ivoch. accepting tlie view' then g(‘ii(aally lield, thought 
tliat tile bacilli fouud a favourable culture medium iu the contents 
of certain cells, but that, in spite of this, the frog was capable f)f 
manifesting a real immunity against anthrax. Gibier ' made the [MO] 
interesting discovery that frogs when snbjecte<l to the influmiee 
of high t(‘nqu'rature (about lose tlieir mdural iimuunity ami 

readily contract fatal anthrax. 

Since tliat tinu? the mechanisni by whicli the organism of tlie fi'og 
secures imnuinity against the anthrax bacillus lias repeatedly bemi 
studied. In a memoir which a{>j)earcd in I insisted that (he 

[irincijial part played in this iiiimunity belonged to the |>hagocytcs 
which devour the injeeted bacteria and subject tlicni to intra- 
cellular digestion. The round cells descrilied by Koch are nothing 
but the leucocytes of the lymph sac which have sei/.ed upon tiu^ 
antlirax bacilli. These bacilli instead of thriving in the cell contents 
find there a very unfavonraiile medium, and perisli at the end of 

^ Colin’s “ Roitriigo zni* Riologie der Pllaiizon, ’ Breslau, IS7C, Jid. ii, S. 300. 

* Compt, reiht Aaiit d, >>•„ j*aris, 1SS‘J!, t. xciv, p. 1(105. 

® Vii'chotc.'i Ardnc, Berlin, 1881, Bd. xcvu, S. 502, 
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a lont^er or shorter period. When the activity of the pljagocytes is 
iin{)e(le(l by imhivourablc influences, cjj. liigh teniperature, tliey 
exhil)it a Ycry feeble reaction, incapable of as^^uriug to the frog that 
iminunity wliich, under luirnial coiulitions, it possesses. The con- 
elusions 1 haY(‘ just suinuinriscd have raised very lively oi)[)osition 
from a hirge nuinl)er of observers. B;nimgarten\ with his jmpils 
Pctruschlvy ^ and l^ahi'eiilioltz’’^, liave endeavoured to demonstrate that 
pluigocytosis [days no part in iminunity and that the frogs resist 
antlirax simply because the bacilli are incapable of maintaining 
themselves alive in tlie fluids of this Batracliian. Xultall^, of 
Fliigge’s school, also maintained that frogs resist anthrax owing to 
the bactericidal power of their fluids. This view lias been rh hanled 
by several other observers and ajipearcd for some time to liecome 
(jiiite dominant. 

Xc vert! 1 el ess, it is j)ossil>le to demonstrate that the plasmas of 
the frog not only are not inimical to the life of the bacillus, but 
serve as a good (adture medium for it"'. All that is necessary for the 
demonstration of this fact is to introduce below the skin of frogs 
] anthrax spores enclosed in a sac of reed [)ith, or simply enveloped in 
a smidl piece of lilter-paper. The [ilasma of the lymph sac at once 
permeates th<5 spores and allows them to germinate and jaodiice 
quite a generation of bacilli. Hut, as soon as tlie IcaicocNlcs j^ass 
througli the paiicr, they seize upon the young bacilli, digest them 
in their substance and ])revent their [)athogenic action. The germi- 
nation of the spores may take place even uliere th(w have lieen 
introduced below the frog’s skin without being [irotectcd in any way 
Mhatever. But, under these conditions, oidy a certain nnmlier of the 
s])ores germinate, the majeuity not luiving time to do so before the 
arrival of the leucocytes. The small, very short bacilli which ])r<)cecd 
from the geriniiiatetl s[)ores, are, along with the spores that have 
not gei-minafed, soon ingested by the phagocytes. But, whilst the 
rods are in the end digested within thesi' cells, the ingesttMl spoies 
remain intact for a very long time : they do not germinate, but they 
are not destroyed and retain their vitality indetinitely, in spite of 

^ (AiifndhLj. hi hi, Mt'iLy Bonn, ISSS, S. olO. 

^ “ IJntcrsiidi. i'lhor tl. Inuniinitat d. Frosches gegen Milzbraiul,” Ziegler's Bciir. 
z. path. ..in at., .Icua, ISSS, Bd. nr. »S. aoT. 

^ Ib^itfuge z. Kritilv der MetsclniikoirselK-ii riiagucvtenlehrc,’’ Inaug. Diss., 
Koiiigsbcrg, 1SS<K 

^ Zi.^(itr.j[ ////(/., hoin/agv ISSS, Bd. iv, S. aaa. 

Virrhoic'S Archie^ ]k>rlin, 18 ss, Bd. cxiv, S. IGG. 
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the indiiencc of the pluigocytes. It is suHicient t\\ witiidniw from 
a frog, that has been inoculated M'itli anthrax spores some time 
before and kept at a moderate tcmi)eraturo (lo - o:> a little 
lymph and sow it in any nutrient medium (of tliose emploNcd in 
the culture of bacteria), in order to see the spores germiiKvli' -and 
produce a whole generation of absolutely normal Jilamentous bacilli. 

All Ilies(> phenomena have been carefully studied by 'IVapt /nikoiV- 
in a work executed in my laboratory- It is ol)vious from his experi 
ments that tlie phagocytes of the frog are quite capable of iu’ot(‘ciing 
the organism against the anthrax bacillus In' ing(L‘sting and digesting 
the l)aeilli in the vegetative state and by preventing tlie germination 
of the ing(\<ted s])ores. This phagocytic action is very important in 
]n-(‘sencc of the (‘act that tlu‘ plasmas of the frog allow the s]>ores to 
uerminido and the bacilli to develop and ]m)duee aimndant eultures, 

Tlie immunity of frogs against th(‘ anthrax baeillus that Ave have 
just described and Avhiel) is guarauteed l)y (he activity of tlie 
|)hag()cvt(vs, is constant under the conditions of tcnvt>ei‘ature above 
mentioned (15'" 25'C.), conditions which arc snUicicnt, however, 
to ensui*e the deatli of snsccptildc cold-blooded animals, such as 
the cihhet or IlipjHiCunipm, froiu anthrax- 'flu* edible frog, a 
s]>ecies that readily accommodab's itself to a temperature of ‘k') < [ 14S] 

resists, even under these eouditious, iufectiou l)y the liacillus, as 
jioiuted out by IMesiiil in a work already cited when (reatiug of tlie 
immunity of fishes. 1'he green frog when kept for 

a, long time at this high tempcratui’e, so suitable foi’ the develojuucnt 
of the anthrax bacillus, reacts by tlie same phagoeytie meehauism. 

Hie lemaieytes of the lym]>h and !>lood, the cells of the splenic.* tmlj) 
and Kuidfers stellate cells of the liver, vSoize the introduced bacilli 
and digest them as in any other case of jdiagocvtosis. The brown 
frog (JtiiiKf t( hiporaria) adajits itself but slightly and with great 
ditliculty to tluj liigh temperature and dies whether it has lieen 
inoculated with anthrax or not. ruder lliese conditions the bactei ia 
develop in the body of the dead or dying frogs, but Mesnil iusisls 
on the fact that a t)*ue autliiux infection is not jiroduced, as has 
been maintained by (Jibier as the outcome of liis researches. 

Dieiidoime^, however, has found a metliod of removing lla^ 
natural immunity of the frog against the autlirax bacillus, In inocu- 
lating it witli an artificial bacterial race Avhicli lie had ada|ded U> 

^ Anti, de r/nat. Pasffiia\ Paris, 1891, t. v. p. 91)2. 

' Arh. a. d. L Gund/ifannife, Berlin, 1894, lid. ix, S. 497. 



140 


Chapter VI 

develop fairly luxuriantly at the low tciuperature of 12° C. Under 
tliese c<m(litions all the inoculated fro/iH, even those wliich had 
resisted the inoculation with ordinary bacteria (grown at C.), 
died within a perio<l of Id to [>(i horn’s, containing many bacilli in 
the blood and tngans. Dieudonne has not studied the essential 
mechanism that accomjianies this loss of immunity; but it is very 
]>rol>able tliat. for one thing, Ave have hereto do with a reinforcement, 
si)ecial for the frog, of the bacillus that has become accustomed 
to develop at a low tempei’ature. This bacillus must multi])ly, in 
trogs that have been mainhiined at a low tem))crature, much moi’e 
rapidly and profusely than would the ordinary bacillus. (.)n the other 
hand, tlie suscciitibility of Dieudonne’s frogs nmst dc])end on a less 
resistance of the organism under the conditions of his experiments. 
Unfortunately, we cannot fiml in his memoir Millicient data on these 
points; he does not even slate the ten)|>erature at which the frogs 
that had been inocidated with bacteria adapted to cold lived. 
Dieudonne invokes the analogy of his rcstdts xvith those olrtained 
j in the ease; of the immunity and suscci)tibility of frogs as regards 
a septicacmic’ bacillus. 

This bacillus (ItartllKn rtmirhhf) has been made the sid»ject of 
an interesting study by Ernst’. It is a small, very slender bacillus, 
which, in frogs, [troduces a fatal malady c|)idemic in sju-ing, but 
ceasing completely during summer. Taking this fact as a basis, 
Ernst has succee*led in conferring immunity u])on frogs in autumn 
by placing them in an incubator at 2r»°('. In s])itc of tlie injection 
ot a considerable dose of the small bacillus, the frogs living at this 
temperature remained in good health, whilst contr(»l animals exjtoscd 
to a low temperature died of septicaemia. The counter-test Avas 
made in summer, Inocadated frogs that Avere kept in the laboratory 
Avere unatfected, whilst those that had been kci»t in a refrigerating 
apparatus at (U — 10 tt invariably died. It may be asked, Is this 
cvi<1ent influence of tomi>crature on' immunity and receptivity exer- 
cised on the organism of the frog or ujAon the ])athogcnic bacillus ? 
In tiie case Avhere a bacillus can only develop at low temperatures 
its harmicssness at the higher temperature nwy be readily undcj'- 
stood. The exi)erimcnts of Ernst have demonstrated, however, that 
this small bacillus develop.s much better at 22° C., and even at 30' C., 
than at htwor temi)eratures. It must be concluded, therefore, 
that the high temperaturo Avhich confers immunity acts not by 
^ Ziefficr'if Ikitr, z.path. Anat.^ Jeiiu, 1S90, Bd. vjii, S. 203. 
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weakcTiing the bacillus, but rather by rcinfoi'ciiig the ivsisling power 
of the organism. The low temperatures ((> ' — 10 C. ) tliut are favour- 
al>le to a fatal infection have a different action; that is to say, 
they weaken the reaction of the inoculated frogs. 

Although Krnst has not studied the meclianism of this ivsistaiice 
fully, it is evident, from the data he has supplied, that it consists in 
a phagocytic I'eaction. He was able to demonstrate the ingestion of 
the bacilli by the jdiagocytes in the susceptible refrigej*ated frogs, as 
well as in the refractory frogs, kept at a higher temperature; but in 
the former ease the phagocytosis was so teelde that 21 lionrs after 
inoculation a considoiable number of free l)acilli still found 

in the lyinpli of the dorsal sac, whilst in the refraeftny frogs the 
inuc'h more active ]>hagoeytA)sis brought about the disa))pearance of 
tlie IVee bacilli during the first day. If as is veiy i^robable, tlie 
analogy of tliis seidicaemia with anthrax in frogs, upon wliicli Ei’iist 
iiisists, n'ally exists, it must be (unielnde*! that the snseeptibility of j ir>o; 
these Ilatraehians to the modified race of the l>acillns depends on 
their weak phagocytic resistance. 

Since, in these two examples of natural immunity in the frog, we 
have seen tliat tlie phagocytic activity exhibits itself in an active 
form against ba(*teria Avihch readily develoj) in the fluids of the 
sanu* animal, we might conclmlc that the reaction of the lihagocytes 
constitutes a general mode of defence in cold-ldooded aninuds. 
l>nt l^ubarschf a very cautious observer, has exjiressed an opposite 
view, based on his studies on the baeillus of mouse septicaemia. 

He convinced himself that frogs will resist injections of even eon- 
siderablc quantities of tins bacillus, Avithout a)iy co-<q)e?ation on 
the i)art of thci phagocytes. As we liave, lierc, to do witli a 
matter of fact, Mesnil (/.c.) set himself to verify tliese obserV;diuns, 

Avith the object of estalilisliing whether it Avas a case of a real 
exceidion or of a simple misundei-standing. He was able to <h> 
monstrate, by irrefutable observations and experiments, that the 
bacilli of mouse se])ticaemia Avheu inoculated into frogs, set up a 
very pronounced positive chemiotaxis on the part of the |)hagoeytcs, 
which seized and digested the l>acilli just as they do the anthrax 
l)aeillus. This a})parent exeejdion, iliereftire, becomes transformed 

^ Cenindbi. J\ BabUrifpl. u. Parttifilenk., Jciia, 1889, Bd. au, SS. ISI and 5*2!) ; 
Porfschr.d. Med.^ Bt^rlin, 189a, Bd. vni, S* (ffib; Zhrhr. fJdin. Mv/., 1891 ; 

‘‘ IjcUt Iniiimiiitiit u. Sohut/.iiiipfuijg,’' Sclineidcinuhls Tluenncd. Vnrindjp, 1802 , 

Bd. li. 
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into an additional argument in favour of pliagocytic reaction being 
a general factor in inununity. In support of this hypothesis I may 
adduce a further cxamide, already inentionod in a preceding chaj)tor 
when discussing anotlier (luestion. Tlie frog is very refractory against 
tlie ciiolcra viia io. WJien these vibrios are inoendated into the dorsal 
lyrnpliatic sac or into any other part of tiie body the animal retains 
its liealth uniniiiairod. An examination of the exudation at the point 
of inoculation demonstrates that the vilmios meet with a vigorous 
opjMisition on the part of the pluigocytes, wliich ingest and com- 
pletely digest them. This is of s]»ecial interest from the fact that 
the frog is very sensitive to the toxin of tlie cholera vibrio. When 
injected in a weak dose it kills the frog very quickly, lavo small 
frogs died in less than an hour from the ellect of O j c.c. of cholera 
toxin. 

I'he natural immunity of the frog against the cholera vibrio atfords. 
[lOl] then, an example in Avhich tlie organism, destroying the vibrio by 
plii'g ;ocytosis, prevents the production of the i)oi«ou, whicli, otherwise*, 
would infallibly kill it 

Having demonstrated tliat pliagocytic reaction manifests itself in 
the frog in all cases of natural immunity that have been sullieient Iv 
studied, we must dwell for an instant on the question of the con- 
dition of the liactcria at the inomciit of their ingestion by tiu^ 
phagocytes. It is very evident that this jihagocytic defence is only 
eflicieiit on condition that it is exercised against bacteria which, in 
its absence, might injure the organism by their multiplication and 
their virnlcnco. For this reason the (piestion as to wliethor the 
micro-organisms, lielbre being ingested, Avere living and capable of 
producing their pathogenic action has liccn widely diseussed. It 
lias oven been suggested that the i>liagocytes are only cajiable of 
ingesting the dead bodies of mienvorganisms tliat have lieeu killed 
by other agents. Fi-ogs are viay suitable for a study of this question. 
When a drop of the exudation is vernoved some time after inoen - 
latioii Avith a motile oi-ganism, such as the BariUm pijonumem or 
the cholera vilirio, the organism Avas often found moving rapidly 
Avitliin the vacuoles inside leucocytes. The exjierimcnt Avill suceoed 
even more completely if a drop of frog^s lym|)h be mixed, on a slide, 
Avlth a trace of a culture of these motile micro-organisins, the latter 
Vicing soon Found in the clear Amaioles included in leucocytes and 
executing extremely rapid movements. 

Besides this <liroet proof avc can assure ourselves of the Jiving 
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condition of the rnicro-o)*ganisms iu anotlicr way. AVitlnlraw a drop 
of tlie exudation at an advanced stage of tlie process when tliero 
are no longer any free inicro-organisins ; inside the pha.u’ 0 (*ytes a few 
scattere<l bacteria, more or less well preserved, can still be seen. Ir 
is sunicient to keep a hanging drop of siicli an exudation at a, tem- 
perature of about 80''C., care being taken to keei) it from dr\ ing\ )>ut 
witliout adding to it any nutrient medium. Under these conditions 
the leucocytes die more o)- less ra]>idly, but the l)acteria regain vigour: 
tliey begin to multiply, and at the end of a short time jnodnee a 
generation of bacteria witlnn the dead leueoeyte. T)»e mnlti|>lication 
of tlie bact(a*ia goes on pi'ogrossively .and the hanging drop is trans- 
I’ormed into a real piii'e culttire. Mesnil was able to confirm these 
data witli the exudations of frogs that had been inoenlated with either 
the bacilli of antlirax or of mouse septicaemia. 

The bacteria, ing(?sted in tlic living state by pliagoeytes, retain [ 152 ] 
t-heir original virulence. Some authors think, and 1 was formerly of 
this ojuuion, that at the end of a more or h\ss ])i‘olongc(I sojourn 
within the leucocytes, authiux bacilli undergo an attenuation in 
their virulence. Latcj*, numeimis researches liavo, however, do- 
inonstralcd that tliis o[)inion is incorrect, ami that the vindenee is 
maintained in the baetei‘ia inelmled in the phagoeyies of frogs the 
Avliolc tiim‘ that these barteria remain alive. Diendonne has in- 
sisted on tliis fact as regards the anthrax bacillus. Mesnil has 
confirmed it for this same species and far tlie bacillus of mouse 
seiiticaemia. It is impossilile, therefore, to doubt this general result, 
that frogs which are refractory against certain liactcria rcisist because 
of the phagocytosis which is exercised against living and virulent 
micro-oi'ganisms. 

We have insisted suffieiently on the analysis of the natural 
imninnity of the frog, and need not tarry over the facts relatiiig to 
other amphibia which, moreover, have been much less studied. The 
ro])tiles, those higher representativ(‘s of tlie Vertebrata called cohU 
blooded, often present examples of really remarkable immunity, 'rhus 
alligators Avill resist enormous doses of variinis bacteria, such as 
tlie anilirax bacillus, that of human tuberculosis or tlie cocco-bacillus 
of typhoid feve?\ When, some -time alYer an injection is made, the 
exudation at the point of inoculation is withdrawn iliere is found 
a large mindicr of leucocytes, amongst whicli may be recognised 
many eosinophile microiihages, though the majority are imu roj)hages 
with one, two or more nuelei. licidly giant cells arc found in the 
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exudation. It is the macrophages 'vvhicli specially manifest phago- 
cytosis and they are often found crammed with the injected bacteria, 
as I was able to assure myself after injections of typhoid cocco-bacilli. 
The natural immunity of alligators (A/l!f/afor mlssimpmm^) persists 
not only at the temj)crature of the incubator (^57 0.), but also at room 
temperature f2(f — 22"C.). 

Passiug in review the animal kingdom we must pause for a 
moment to consider the natural immunity of birds or lower warm- 
blooded Vertebrates. The classic example of this immunity is that 
of the iV)wl against anthrax. It has long been known that birds resist 
;]] inoculation with anthrax or only exhibit a feeble receptivity; though 
smaller bints are for the most part susce]>til)Ie to antlnax, the pigeon 
is much less so and the fowl presents a case of the most pronounced 
immunity. It was lK‘lieved to be absolutely refractory until the 
exiieriments of Pasteur and doubeiTT, who found a sure method of 
sapi>ressing this immunity. Fowls that had been ino(*nlated with 
the bacillus were immersed up to the thighs in cold water in order to 
lu'ing down their temperature. It was fouml that, under these con- 
ditions, the anthrax bacillus developed at the seat of inoculation and 
later became generalised in the blood, ami invarial)ly cansiMl death. 
It w^as concluded from this that the natural immunity of the fowl 
was dependent on its very high normal teinj)crature ( W — 12') which 
interfered with tlic pathogenic functions of the anthrax bacillus. 

Hess- studied the mechanism of this immunity of the fowl and 
])ointed out the important part that phagocytosis phiys in the de- 
struction of the inoculated bacteria. 

These researches were resumed in my laboratory by Wagner '. 
Having (.‘stablished that tlie antlirax bacillus develops readily in the 
blood and the blood serum of fowls, outside the organism, at liigli 
temperatures (12 — l;V’ he came to the cr)nclusion that the 
lowering of the temperature of the laxly of the fowls by immersing 
them in water ])roduced, not a reinforcement of tlie bacillus, l)ut 
a weakening of the resisting po>ver of the animal, ilc was able 
to convince Inmself that this resistance exhibits itself in tlie activity 
of the pliagocytcs which ingest and destroy the anthrax bacillus in 
its vegetative shite. In the normal fowl the phagocytosis is rapid 
and very pronounced, whilst in a fowl tliat has been refrigerated this 

^ BuU. Acad, dc mkL, Paris, 1878, j>. 440. 

® Vircho7C^s Archw, Berlin, 1887, Bd. oix, 8. 

^ Ann. dc VInst. Pasteur, Paris, 1890, t. iv, p. 570. 
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reaction is very slight or absent. To corroborate tliis general con- 
clusion, Wagner, instead of lowering the temperature by means of 
cold Mater, made use of antipyrin ami chloral. The application of 
this treatment likcMase caused cnfeel)lement of the natural defence 
of the organism and suppressed the immunity of the fowl against 
anthrax. 

Trapeznikoff ^ lias studied carefully the fate of antln*ax spores 
M'hen injected into fonls. lie observed that most of tliem are 
devoured by the IcTicocytes. 801110 of the siioros were iii-st trans [int] 
formed into small rods, sometimes growing into reid bacilli, but 
linally they all beeamc the ]>rey of ])hag(K*ytes and perished in 
tlicir interior. Those in tlic vegetative eondition are soon digested, 
the spoies, however, jiersist for some time inside tlu' pliagoeytes, 
but ultimately disajjiiear. The phagocytosis in fowls inoculated 
M'ith spores is very marked, and pro] )a rations, stained by Ziehrs 
method, demonstrate most clearly the reality of this ]‘(Ni(*tion pheno- 
menon. These preparations have fen* long Ih^cu used in tlu^ course 
in liacteriology at the Pasteur Institute for the demonstration of 
])hagc»cytosis. 

In the face of those facts, well estalilished and confirmed many 
times, it is impossible to accept Thiltges " denial of the ingestion of 
lliese bacteria by the phagocytes of the fowl. Some lault of technique, 
wliich I am not at the moment in a position to indicate exactly, 
lias evidently slijiped into this authors work. The ))Ositive data, 
lioM'over, on ]»hag(>cvtosis in the foMi, obtained by^ TIess, AVagner, and 
Trai)eznikoli; data confirmed by myself render unnecessary any fresh 
researches for the j)iirpcjse of explaining the negative results obtained 
by Tliiltg(.‘S. As n^gards his experiments on the liactericidal action 
of defibrinated blood and of lilood sei'um of fowls against the bacillus 
and its spores, experiiiients M'hose results are opi)osed by those of 
Wagner, the contradiction may be explaincMl yMetty eaijily, at least in 
jnirt, Thiltges mentions several times that the bacilli, Avlien sown 
ill the blood scrum of the foM l, Mci*e aggregated in clumy^s. Neveu*- 
thcless, he lias failed to guard against this source of eri’or and has 
attributed the diminution in numlier of the colonies on plat(*s to 
the destniction and not to the agghitinatiou of tlie bacilli. Thillge> 
gives so few particulars of the conditiops under Mliich his ex]K‘ri- 
ments were performed that m^c do not even kiio^v at m hat temperature 

^ Anti, dc f/fns-t. Fifufrur, Paris, 181H, t. v, p. ;i02. 

* Zlschr.f. Leipzig, 18‘JS, lid. xxviii, S. ISO. 

B. 
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lie kept his tubes contdiiiin^ blood uad serum sown witli bacilli. As 
Wagner kojit liis at — Id" C., a temjieniturc which coiTcsponds to 
that of the body of the fowl, 1 asked M. (Jeiigou to iiuike a series of 
expei’iiiieiits on the bactericidal power of the plasma and blood 
sei-uni of fowls on the antlirax bacillus, kee[)ing his tubes at 37 'ij. 
[inri] The result of his expeniuents was in complete accord witli those of 
Wagner. ITnder the conditions that I have just stated the fluids 
of tlie fowl are no more bactericidal than they are under the con- 
ditions maintained in Wagner’s experiments. 

In summing up these data on the natural immunity of fowls 
against antlirax, we are certainly justified in concluding that it is 
due to the phagocytosis and not to any bactericidal proiierty of the 
“humours.’' 

The [ligeon is more susccjitible than the fowl to the action of 
the anthi’ax bacillus, still it manifests a certain degree of resistance 
against the microbe. After wiiat we have said on the subject of 
the fowl we need make l)ut lew remarks on the pigeon, in si>ite of 
the very animated discussions that have taken place on the mechan- 
ism of its iuununity. When Haiimgarten was oflering a sy^Tematic 
opposition to the jiart played by phagocytic reaction in immunity, 
he set his pupil Czajilewski^ to investigate the resistance of pigeons 
against anthrax. The results of this investigation were absolutely 
negative as ngards phagocytosis. The latter was said to have no 
inijiortance in the defeiiec of the organism, which resisted simply 
beeause it was im})ossible for the bacillus to live in the body of 
the jiigeon. 1 then set myself to study this (piestioii", and 1 was 
able to demonstraU' that the anthrax baeillus is quite capable of 
keeinng alive in the |)igeon, that it can develop in its fiuids, but 
that it is uuabhj to defend itself against the aggression of the phago- 
cytes which ingest it ami completely iligcst it. by isolating the 
l)ha goeytes that had ingt‘sted the bacilli injected into tlu‘ Inxly of the 
pigeon, 1 Avas abh' to prove that a number of these bacilli were still 
alive. The eideeblement and ^leath of the phagocytes when outside 
the body alloAved the aiithi*ax bacilli again to get the ui)])er hand 
ill this struggle, to develop and to give vii ideiit cultures. The part 
])layed by phagocytes in this example of natural inmumity was thus 
})laceil lievond doubt. 

'• “ Untor.sui'liuMgon il die TnanuiiiULfc d. Tau}>eii,^* Koiiigsberg, 18S0; Ziegler's 
Beitr.z. pifih. Auat,, .Iona, IS'H), Bd. vii, S. 41). 

- Ann. de / Vr-s/tv/r, raris, 181)0, t. iv, p. oS; p. 65. 
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Later, Czaplewski^ himself became convinced that his previous 
negative results Avould not stand criticism, and Lhiltges, in his >vork 
already mentioned, vvhen discussing the fowl, was al>Ie to eontirm tlie [!•'><)] 
importance of phagocytosis in the defence of the organism of the 
pigeon against anthrax. lie was struck by the dillerenee In tween 
these two species of binls. In the pigeon it was easy hn- liim to 
prove tluit in the individuals that suecumb to anthrax tlie j)hagocytie 
reaction is very feeble, vvldlst in those which ultimately resist the 
bacillus it is very pronounced. Thiltges likewise observed that the 
blood and blood serum of pigeons when sown in with the 

anthrax I)aeillus, manifest only an insignilicant bactericidal j)Ower, 
a. fact that further warrants him in attrihuting great inn)()rtaiico to 
phagoevtosis in the maintenau<.*e of the natural immunity of the 
I»igeon. It is remarkable tliat, in presence of these facts, it did not 
o(*cur to tlie author to ask whether this fundamental ditference in the 
mechanism of the resistance, which he thought possibles in two birds 
so closely allied as are the })igeon and the fowl, really did exist in 
jiaturo. 1 infer that his exj)eriments on the fowl Avere made before 
thos(! on the })igcoii, and that tlie diirerence in his results depended 
siiecially on the IViet tliat he had aerjuired greater skill in executing 
his later experiments. 

Having observed that frogs die readily when inoculated with an 
antlmix liaeilhis tliat Avas adapted to develop at a Ioav temperature, 
Dieiidoimc (J,e.) endeavoured to supjircss the immunity of the pigeon 
by using bacilli adapted to a high temperature. Ihit the inoculation 
of a second generation of the anthrax bacillus, cultivated at 42^0., 

Avas borne by live jiigeons without iiicoiivenience. Lveu bacilli 
tliat Avere i-eiidered cafiable, by cultivation through sixteen gmima- 
lions, of developing at this temperature Averc not in a, condition 
to kill more tlian five pigeons out of thirteen inoculated. 41iese 
attempts to explain immunity as vine to the properties of the bacilli 
rather tlian to those of the organism of the jiigeon, have thendbrt^ 
led to a result very different from that antieipated liy Dieudoinic. 

The pigeon is further of interest to us because of its natural 
immunity against the bacillus of humaii tuberculosis, it resists 
eonsiderablc doses of this bacillus, so virulent for man and for the 
majority of mammals, and even for some birds (canaries and jiarrols). 
Dembinski^, studying the meehauism of this imimiuity, Avas able to 

^ Leipzig, lirl. xii, S. :>IS. 

^ Ann, dc C Inst. Pasteur, Piiris, iSJiy, t. xiii, p. 4-JG. 
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prove that the bacilli of human tuberculosis encounter in the organ- 
ism of the pigeon a very gi’eat resistance from .the phagocytes, 
{167] especially from the macrophages. These cells fuse together around 
, masses of bacilli and imprison them within real giant cells or poly- 
imcleatetl macrophages (Fig. 21). The microphages in this struggle 
play only a secondary part, 
but the resistance offei'ed by 
the macrophages is a most 
effective one. Incapable of 
completely destroying the 
bacilli, these phagocytes 
exercise over them an un- 
favourable influence and 
prevent them from multi- 
plying and exhibiting their 
noxious action. The im- 
portance of the defence by 
the macrophages comes out 
still more clearly when com- 
{>ared with what takes place 
if, instead of the bacillus 
of human tuberculosis, mc 
inoculate into pigeons the 
bacillus of avian tubercu- 
losis. In the latter case 
the micropliages certoinly 
promptly seize the bacilli, 

but being powerless against them they perish, whilst the macrophages 
ouly intervene later on and in small numbers. The result is that 
in the pigeon the avian bacillus becomes generalised in the organism 
and sets up a fatal tuberculosis. 

It must be admitted, then, that the immunity of the pigeon against 
the bacillus of human tuberculosis is due to the defence by the 
macrophages. This conclusion is corroborated by the fact that in 
the fowl — equally refractory against the same bacillus — there is al«o 
observed a very strong macrophagic reaction. 

Nocard^, who for several years has been carrying on studies on 
the relations between the bacilli of human and avian tuberculosis, 
conceived the idea of adapting the former to the organism of the 
V A nn. de VIntt. Peuteur, Paris, 1898, t xn, p. 661. 



Fig, 21. Reaction of the phagocytes of the 
pigeon against the bacilli of human tuber- 
culosis. 
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fowl. With tlii^ object he oiu‘1os(mI it cuituri* of the baivilhis of 
liumaji tuberciilo:si.s in a sac of collodion \\!iich lie then in{ro4u(‘c4 
into the perii.oucal cavity of fowln. l iMlcr tla^sc manlitions ilie 
bacillus, |irotectc(l against the aggression of (»bagocvtc^, e<Miti!nu‘4 
to live inside lla* sac through Avhos(‘ walls the Unit! j»;ni t)]' the 
pcihonca! iyniph could dilfusc. After s(‘veral pavsagt ^ f]'i»ui 
sat' the luiniaii bacillus beconie.s accliniatised to the btaly of vhi‘ fbw! 
and i> iransforiued into a variety quite ('o]npara})le t<> tlu' b;t; t!Iu'- 
of UAiau iidHM-eidosis. riii> ex])eJ'imei^t lia*> didiuitelv s^Mj’cd the 
(juestiou so long under disiaission of the specilie dilfeieiR'e belueen 
the two tnlK-rele l)a(‘illi. It has resolved it in the M‘nse of alti lining 
th(h* unity ; the avian baeiilns is oid\ a inodili<a! raer of the ^anlc 
iiaeillus ^^hic]l sets up tiibtu'eulosis in man and other manuuals. 

In sjiite of th(‘ great ditfereiK e lK‘(\v('en the anthrax bacrilius and 
ihat of human tubereulo.-is, the imnnuiity again>t thoM* two baettu'ia. 
wliieh is "tKevn in binls, <(<'pends in everv ease u[)on the reaction of 
the [diagocytic sy.^teni. 

I la\ lug rajudlv giaiiccd at natural iniinimity as we a^'inaid tin: 
M\\]c !>f tli(‘ animal series we now eonu' to it as it ju'i sonts itself in 
(he !iigln‘.-'t i‘Ia>s. Mammals, a (|nestion on ^^hich it is iKM'('s<ar\ to 
dwell at gi'eaier length because of ils great imporlancr, and also 
i>ccau>e «.ff (ht* fulhu' study that has been given to il. 

the immunity of the Invertelirata, and of llu‘ hovci’ \A:rtebrata. 
:igain<( ihe anilnax bacillus ha> Ihrnislied us >vith scviaa! impi>rtant 
indirat h tje w<‘ will tirst endeavour to tiu’ow light on Ihe nna/hanion 
of (he re-i'^tanee oll’ered to anthrax by emdain mannnais. 'The repi'c- 
scaita tives ot this class licing, however, for I lie most part icvd cnud v 
susceptilde to this <iisea>e, exaiiitdcs of true natni'aJ immunity arc 
very rare. The tirsi jiiace among resislanl mammals is o( <ari>i(‘d b\ 
the dog. Afthuiigh young d<)g>, as demonstrated by StiaU'^s ', readily 
lake fatal anthrax, the canine >)»eries may neveriheh^ss b(‘ regarded 
as pos>e-sing a n\al immunity, as adult <h>gs withstand, niilaMH 
inconvenience, tdie inoculation of large quantities of bacilli, W hc-n 
introduced beneath the skin these l>aeilli cxcilr^ a- local inllauimatiom 
acconqianied l)y a very marked diapedesis of white eorpiiscies w liieh ,.*( 
once iicgin to devour tlie liacilli. This jihagocyto'-^is has ah*eady Im <ai 
observed lyy Hess ; Alaliu y myself, and several other in\('stig;il»Hs, hrg> 

^ Ar '/i. ■/, hi'A. rt <] r.-ais, issa, {. i, {>. aa 

i irr/i: fr's Arx IiiCy iMaiiii, lSs7, 1>«1. vix, S. 

" Ann, <4' (' I'ans, iS90, t. iv. j). SCO, 



so tljut ils cxisteore cuiinofc be ncecntly^ Mui-tt:!' Itas 

(lenioiisi rated a very distinct pliini;ueytic reaction in all those cases 
\\licre he has had to deal with doi^s that were refractory or not very 
snsceptible. d'his reaction is shown by tlio inLa‘stii>n of tlu‘ l>acteria 
and by the larL;e acciimnlation of lencoeyres at the seat of inocn 
latkni. Mis ?>‘searehes ai*e of special inter(‘-t 1»y rt'ason oi' the 
counter test tied lie was able to makes T]]) 0 ]i doe;- tied, were 
snsec}>tihle to anllu’a.v. It was denionstrateit >oin(‘ years ae’o tliat 
the nalnral immunity of the dog against tl)e ijaiihns. alfhongli very 
real, iu'vertheless, relative and limited. Thus Ikirda.eh edaijlished 
the fact that dogs from whom tlie spleen, an organ full of ]>hago{‘yt(‘s, 
ha<! heiai lemoved, b(‘came suseepiilih^ to anthrax, fheji dt)g-^ into 
\\ ho>c‘ veins lu: injeclral tine wood~ehai‘<‘oa! |>(u\der sKsjjeiHled in 
water, with the pnr|>ose of “ <li verting the phags>e\ to>i>. readily 
sneenmlxal to anthrax. 

Mart('l endetjs<nn‘<‘d to suspend (lie natural immunit} of (iog> ])y 
injecting into lln'in p!i1orid/in or j yrogallie acid. lUd lie oidained 
much inoix^ constant rc'sults by inoculating the bacillu- into ralhd 
dogs, 'fhe organism; weakened by (his ((‘rrible di-ea'-e, b<‘came 
Aery suseepi ililc; to anthrax, ami the rabid animal suerinnixal to 
anthrax before the rabies had coin|>I(‘ted its evolu(i<m. IW its 
passage through the rabid dog tlie aidhi*av virus is so angiucfited 
in viruleiKa‘ that it beeonn‘s fatal for nonnal ilogs, Marb l Miecanaled 
also in iH'iid'oiving the l»a<^illns isolat'd from a cow aihiled xvith 
antlirax. in all ilux' eases AvJiere tlje iciidbrced s< t up a 

>eAere and rapidls fatal infi‘ction, Marie! could tleim»nsrrate only 
a !eel)U‘ pliagoeylie naetion. 

Kesearches on tlie |>hag:oeytosis of dogs, inocadated witli the 
anthrax l^aeilln^, haAi^ al^va^>^ demonstrated a n^guiar and eotistant 
relation betwe(‘n this reart iim ami tiie resistance of the organism, 
(in tlve other iiand, e\|>eriments undertaken for the purpose* of 
establisiiing the paid i>layed l>v the l)ody Huids in this immunity, 
have always given negative results. 

As the dt)g, of all mammals, exhibits tlie greatest natural im- 
munit;. li-oin antlirax. it is very natural that in the bactericidal 
])ropi*rty of its blood the key to the enigma has been songiit. Thus 
]Xuttall' cmieiudes from liis experiimaits that the anthrax bacillus 

' ifr I funf. rtn'trur, Cwi'is, t. \iv. [), la, 

- Ami. f If, iit. t, lu, p. 577. 
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iviulily (li'slroyofl hy (lefibniinfod Mood, P,ot tlu'^ r(svilt 

MTis not iii with iny ol>s(*rvatioTi.>^ that tlso harillu' <^asily 

cultivated in doit's Mootl, and as several obseiveis, <">]H'eially 
Lubars(*li‘% had arrived at coueliisions opposed to thos(> (.!’ N'uMall, 
systematic resi'arehes were made for the ])!ir|»os(‘ of solvin': this 
com|)licalefl ]>roldem. Itenys ami Kaisin ‘ sou<j;ht to remove ilie 
ed)jer:li{ms formul:iti‘d against the explanation of the imnniuiiv of 
Un* do:;^ as due to the bactericidal ]>ro].»erty ot its i)lonil In allivne 
ina' that tlii- |>ow(‘r, which is ai>seiit in the inoculat'd doii'. d(‘veinp< 
wldlst the animal is iindm* th(‘ inlimaha' of ilie l>aei!lus. Ininiuniiy 
is reduct'd, then, in tlds^ case to the' ('Stai)li^hin(a)t ot‘ a new 
)U‘op('rty in tin: tluids durine: the coursi' of tin* struaejt* ot tiu' 
oriraniMu a.iodnst (Ije in(»cuiatcd bacillu>. Xoiu' of the ()b>er\t‘r<, 
rioutnei: who liavt' rcpeatetl tliese experinn nts. c.//, laibar^ch' and 
bail ', Were able to etmlirm the restdts rd' the l»ela,ian (^b^’cvers* 
|)(.'nys hiinxll', indiaal, havini; re^unu^d this >tudy witli llaai'M, 
li'id to reje<'t tin; eoneliHions of Ids foianer work (^xtaaitcal in 
4 'o!lal)oration nith Kaisin. lie is persuadcal that tlndr error v>as 
<ine to the fact tliat in tlieir (‘Xju'riments iif ri1r<K flu' li\iii.L: li'net) 
c\t.es invested the liaciili and |*reve)d.ed their d( velo|»ni(‘nL As the 
iv'-nlf of t!n‘S(‘ new re sea )*( lies Denys and Ibnet laive conu' to th(‘ 
conclusion " llnd tin^ maiin the piXMlominalinu' pari of' the ]>aelm‘ieidal 
jjower of tin' i!oj: s blood nnist Ik* as('ribcd to tin; hau‘Oe\les; aid ini;' as 
t>haii,oevtic eh nienH'" cd. p. 

As a result i)l' the invest iiiations I h;*v<; >iunmariscd the conclusion 
}> iV.rced ujiou us that the natural inimurdiy of tin; iioii; from anthrax 
is a runetioii of I lie |>hai:oc\ tes. In |ux>enre of this uniformity of the 
e\i)eriinental results it lieeomes very important to make a more pi‘o* 
ibund study of tlu‘ |>itenomena that manifest tiicms(dv(‘s dniin:: tin' 
destruetion of tlio Irn illi by the |ihau'ocytes of the don;. W hat are the 
phan'oeytie elements wliieh play the pi‘inei})al part in this struyn'le, 
and by wliai Tiieans do they attain this result ■ (dennou' undertook a 

^ Ami. d>- Pin,-'!, /O', ]*;n'is. ]Ss7. r. i, ]>. -!:e 

- ‘M"jit.<Msin:ljmiLa;ii u. die rrsarlivu dof :ni;W-f<»i'('iirn ft. •■runrlM i-n i nutiutiit lO, ' 
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(Iftiiiled inve.stiii^iitioii in iny laboratory to answer these questions. 
Ho was able to eouvint'o himself, in agreement witli the statements 
of his prc(lecessf)rs, that not only was the serum of dog’s blood not 
baeterieiilal for the anthrax baeillus, l>ut tliat the jdasrna of tlie blood 
is no more so. fhe fluid of the aseptic i)leural exudation obtainetl 
after injection of gluten casein, was likewise incapable of killing the 
anthrax l)aeillus. AVhen Gengou, by means of eentrifugalisation, 
isolated the leucocvtes from these exudations, waslied them in 
|)hysiological salt solution, froze them, and then macerated them in 
broth, lui obtaiijed ;susi)ensions of wliite corpuseles, to which he 
adde<i bacilli, lie Avas al)le to demonstrate that Avhen the exudations 
contained macrophages principally, as is observed in exudations 
taken at the end of two o)‘ tlireo <lays, the bactericidal ]>ower of 
the suspensions Avas vll or insignilieanl. WInm, on the otlier hand, 
the leueoeytes came from exudations only twenty-four hours old ami 
wore composed almost exclusively of mierophages, the destructive 
action on the bacilli of the extract of the mic!*oi)hag('s in broth 
Avas most marked. ^’ow it is fully dcinonsiratcd that in the 
exudation set up in the refractory dog by tlie injection of antlirax 
bacilli, it is especially the mierophages whic'h exhibit tin? phagocytic 
reaction against this bacillus. 

This is how tlie question of the iiniminitv of the dog from 
anthrax stands at iiresent. 11ie natural immnnity of tliis species, 
whicli although not unlimited, is very real, deiiends on the activity 
of phagoeytes. These elements, under the stinmhis of the baeillus 
and its jirodnets, exhibit a positive cliemiotaxis of the most marked 
(character, tiiey approach the bacilli, ingest them hy a physiological 
act, and destroy tliem by means of a substance^ Avhich is not found in 
either iUc plasma cn* tlie blood serum, but whieli can Ix^ demonstrated 
in ail extract of tlie inicro])hages. 

In spite <»f the niiiformitv and |)recision of these data, it is 
impossible to rest satisfied Avitli describing, as an (Example of natural 
immunity from anthrax, the single ease of the dog. If the resistance 
of tlK‘ rat against this disease was merely of historical inteicst because 
of the large number of Avorks devoterl to tliis (piestion, Ave might 
[l6*-> I relegate it to the chajiter reserved for the history of our kuoAvledge 
oil immunity, lint it is not so. Tlie anthrax of rats is a subject 
full of vm-y valuable instruction, and von liehring Avas quite justified 
ill saying that whoever wished to get a true conce])tiou of natural 
immunity from a virus should pay special attention to this example. 



Imruunity against jmthogeiiie nticro-organisnis ir>o 

A.s a juatter of fact, it may be stated that i\w unH‘y rat (Mhs 
deemnif/nus), the black rat (Mas vallnH)^ and Avliite rats are far from 
enjoying a true immunity from anthrax. They, m^vertheless, exliibit 
a more or less marked resistance against tins <lis(‘ase and arc always 
less susceptible than arc the other laboratory rodents : mice, guinea^ 
pigs and rabbits. Kats resist attenuated bacilli (anthrax vaccines) 
better than do these three species, and in order to induce in tluau 
fatal aidhrax it is necessary to inoculate a much larger nundjcr of 
virulent bacilli. On the other haml, rats are (ii^lijiguished by a great 
i»*r('gularitv in the resistance they' oiler to the bacillns. At times 
they resist very virnlent bacilli ; at others they contract a fatal 
iliseasc after an injection of very aitennated l)acilli vPastcur's first 
vaccine). 

In my first memoir on anthrax^ T noti'd the fact that in rats the 
])hagocy tosis against the bacillus when injected sulKUitaneously was 
more marked thaii after the sami‘ imHndation into the I’abbit and 
guinea j>ig. Later, this fact wa>s disiuited l>y several oVrservers, who 
reiii^ed to accept the extent and importance of the phagocyiic reaction 
in the rat. This opposition was strengthened by a very interesting 
discov'cry made by von llehringg namely, that the blood scrum of 
the rat possessed a rcmaikably' destructive j)ower for the a]ithi‘a,x 
bacillus, ^^d^en this cibserver added a certain cpiantitv of antlnvix 
Iracilli to some blood serum of the rat, instead of elongating into 
iilamcnts and dividing tlu'V underweiit a. change, lost their normal 
relraction and took on sLaining reagents very imjrerfecily. The 
membranes alone remained of the bacilli thus trealc.Ml. V"on Lchring 
considered that this bactericidal actiem of the serum depends on 
the presence of an organic base dissolved in thc^ blood fluid, lie 
had merely to neutralise the serum by means of an acid, and tiKao 
was at once a very abundant development of the bacilhis. Prom 
these reseaiclies von Behring came to the conclusion that the 
natural immunity of the rat from anthrax can be redmaal to tcainsi 
of the chemical action of the blood on the bacillus. 

In one of his most rectent publications tins author" returns to tlie 
(|uestion of anthrax in rats and sums up his prc'seiit point of view 
as follows. He regards the iinnmnity of these rodents as bca’ng 

‘ Vu'rJioita Arch h:, ISSI, IM. xrvri, 8. 510. 
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relative, not absolute, ‘^Tlie anthrax l)aeilli’’ — lie says — ^Mie in rat’s 
serum m vitro ; and in the cases where the inoeuLation of tliese 
animals with tlic anthrax \’irus is not fatal, it is at least reasonalde to 
assume that the l)lo()d fluid likewise i)roduees this protcetion in 
the or.i>‘anism of* ihe livine; rat. Xow, an immunity that manifests 
itself Avithout the aid of any activity of the cell must nudoulhedly 
be re, Guarded as l^einu: of a humoral character ” r/7. ]>. 

bet us bei>in by analysing the facts as presenU'd in rats into 
[lG 4 ]Avhose .subcutaneous tis.sue we liavo injeet(Ml anthrax virus. A certain 
num1)er of tlicm resist, without exhibiting any lesion otlier than 
a certain exudative inHammation at the seat of inoculation. Tlie 
exudation is, in this case, very rich in leueocytes whicli (jviickly 
exert tlieir phagocytic function and destroy tlie ineested Imcilli. 
In thi.s reaction it is the mierophages that ])lay the chief part, the 
macrophages interveninglatcr and in a much less pi’onouneed fashion, 
bsnally, howcvei', tlie inoculab'd rids exhilfit a more serious jlluess: 
the bacilli multiply at tlie point of inoculation and exaite the 
formation of an extensive oedema, ihh in serous fluid, ti’ansparent, 
and very iH»or in kmcoeytes. It is only later tint tiu:s(‘ cells inter- 
vene in any considerable nuinber. The exudation becomes thicker 
and turbid, the numerous white corpuscles devour the bacilli and 
cause their di.sap])earaMce. TJndta* the influence of tliis mark<.‘d 
rea(*tion the animals in most cases recover, as has alrea<ly l)eeii 
established by krankl But even in those individuals which succumb 
to anthrax death occurs more or li'ss tardily, an examination of the 
internal orv:ans then revealing a con.sidcrable ])hagocvtic reaction. 
The si)lecn, often of enormous size, contains numei’ous inaci’o{)hages 
whicli are iilhal with normal or more or less altered bacilli, bi the 
liver these macrophagi's, which have devouied sev(H*al mioopliages 
and some bacteria, arc also found tFigs. 22 and 2:i), 

When instead of liacteria in the condition of rods, autliriix spores 
arc inoculaft'd subcutaneously or into tlie anterior chamber of the 
eye, we can observe th(‘ir germination. There is developiMl a whole 
generation of bacilli which behave like those we have already 
(iesci'ibed, tliat is to say, they excite an exudation and are ultimately 
digested within the pliagoeytes (Figs. 2\ and 2a), .\]1 these |>lieno- 

mcna of phagocytosis I described in detail more than ten years ago 
in my nu‘tuoir on the anthrax of rats^ Since then not a single 

i ('cnii'iifhl, J\ BarfurinL n. Piirnaitcnl., ISss, Bd, iv, :SS. TiO, 737. 
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Fio. 22. Macrophage from the liver of 
a rat affected wiJh anthrax. 


Fio. 28. Macrophage oontaining 
bacilli, from the liver of a rat 
affected with anthrax. 


How is this paradoxical fact to be explained, that anthrax which 
grows in the body of the rat, there setting up a disease more or less 
grave and sometimes fatal, is so readily destroyed by the serum and 


Fxa/ 24. Miotophage of rat 


Fro. 25. Two micro* 
phagee of rat that 
have ingested bacilli. 




V)1(>0(1 when roineved fnnn tlie organisni ? From iniiuerous experi- 
l iortjments, carried out by lliinkiiF and by lionx and myself it lian Iktm 
demojrsti*aied that the bactericidal })o\ver of the fluids of tlie rat 
cannot be invoked as the cause of the aniinars r(‘sistance to antlirax. 
Those rats wliich show tliemseiv(‘s very susceptible to this disease and 
die from anth]*a\ infection, furnish, nevertheless, a serum tliat will 
prevent anthrax in other rats, a!id which will protect (‘ven mice into 
which thi^ bacilli have l)een injected. Kats into which we inoculate 
on one side of the l)ody a little anthrax culture, and on tlie other 
si<le the same <(uantity of baeilli mixed with blood serum* from the 
same animid, manifest oerlema at the former jilaec only. It is from 
this latter point that the ^'eneral inhadion takes plaee. tlie sitle where 
(he anthrax liacilli mixed with serum was introdneed remaininu' 
unatfeeted. Sawbdienko", wlio has investii'ated the immunity of the 
rat in my laboratory, has to the facts just meniionerl added tlie 
olisei'vatiou that when the iujeetioii of liacilli causes liaemorrhaae 
the rat survives. When, oii the eoutrarv, tlie inji'etion is uiad(‘ with 
a fine needh^ and without effusion of IiIoimI, the rat contracts a 
fatal anthrax. 

It follows from these facts that the blood, imnuMliatcIy it ha> 
[kuiJ escaped from the vessels, uuderjiries a. chan.<;e hi its eomposition and 
becomes bactericidal for the anthrax bacillus, whilst, wlieu it is circu- 
latiuic in the organism, it exliibits no such power, riawlclieuko has 
studied the substance in tlu* scrum wliieli kills the bacilli and has 
d(‘monstrated that it will resist heating' toot) (a; evtm wlieu hcat(‘d 
to t)l the serum still excu'ciscs a. certain amount of bactericidal 
}>owcr for very altcmiatcd liacilli (Pasteur’s first vaccine). Researches 
on the dislrilmtion of liiis bactericidal power in tiic liviiiij; rat liavc 
convineed Sawtclicnko that tionc of it passes into the fluid of tlic 
passive oedema set up by the slowing of the circulation, nor into that 
of the active oedema devedoped as the result of the iiujculation of 
anthrax bacilli. He observed that even the baeillus of Pasteur’s first 
vaeciiu' grows almndautly in the oedematous fluid produced I>y the 
injectiou of virulent baeilli. The peritoneal lymph, howevei-, exerts 
a very marked bactericidal action on the bacilli. Having demon- 
straied tliis fact Sawtehenko put to himself the question: May not 
the great difference between the action of these fluids dejiend on the 

^ JlfrkrioJ. ti. PanuUink., Jciin, Isai, Hd. ix, S'S. :>:](>, aT*2. 
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fact that tli(‘ lymph i?; I’ich in leuco«-yt», wliilst in (In' jinid of the 
oedema they are almost absent? J’nrsuiin; this (luestirni, Sawtchenko 
made a eom])arative study of the baeteri(;idal powi r of the serum, 
l.roparerl outside thi! IkkIv, and of the blood plasma obtained by 
means of an extract of the lieads of leeclu's, ami lu' comladed 
from his l■esearches tliat the bactericidal substance circulates in tim 
jilasma of the livini;- rat and that it is not derived from Uie micro 
]iha‘j,'es, Imt mnst be looked upon rather as a sc'cretiou of tne macro- 
jiliaees in the blood and of endothelial cells. This result was not 
conlirmed by <len“()u', who also took nj) the study of this imporfaut 
question in mv laboratory, lustctad of itreparintf the jilasma- by 
means of the addition of an extract of leeches lu: made us<' of 
a method much more perfc'ct and free from sources of error, lie 
iutrodmaal no foix'iau substance capable ot ath'ctimj; tlu' results ol his 
experiments, tdllectim;- the rats blooii in paraffimMl tubes, and 
centrifuealisine; it in similar tubes, he obtaine<l a fluid ^vhich ap- 
proaches much mon- closely the i)lasma of cireulatin.<r blood than does 
serum, ’fids fluid, hoxvever, uill coagulate at the eml ol a lairly Iona' 
interval, which proves that it canmd be h»oked upon as blood plasma, 
tieuaon examined the. liactericidal power of the fluid p<»rtion of the 
‘‘plasma," obfained by the fu'ocess Jusf (h'scribed, on (la: anthrax 
hacilins. and also (hat of s<'rum fu-eiiared in tidies in the ordinary 
May, The dillercncc between the two fluids is very marked ; whilst 
the serum deslrovs the bacilli .sown in it very rapidly ami dissolves 
their eonteut', tlie fluid of the “]»las.iua'’ has no similar action, 
'i’hese results, eonfnnuMl several times, denmnst rate very detinitely 
that the plasma of the eirenlatiiie; blood does not eonbiin any liae- 
terieidal substance. Tins, diirinu: the life of tlie animal, is found 
inside, h'ueocntes and only eseapes from them when the eidls luirsl 
or underti'o prolound lesions, this takinu plaee ulum the: eiot. is 
formed and when the .serum is prepared outside the oruauism, oi- in 
the etfu.sed and eoa.mdated blood, or auaiii in the peritoneal lymph 
diii'in^' pliamdysis. This pha;toly.'iis is incvitalily produced as a result 
of rapid iujeetioii ot forei^iii fluids into the jiei'itoneal eavily. <.<■/. 
of broth or of physioloirieal salt solution, containing bacteria in 
snsjiension. 

The facts we have brought together oil the stdijeet of aulhrax iu 
rats form a whole whose several parts tuo in complete liannouy. I lu- 
jihagoevtes of this speeii’S of rodent eoiitaiii a baeterieidal lermeut, 

' Jill). '!■ ! lnxt. Paris. lllOl, t. xv, p. ‘2:;C. 
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a kin<] of cytM-se, which rcsii^ts teinpcriiturcs a[)i)roacl)ing 00^ C. T’his 
cvtasc is very active against the bacilli, but in the living aninial it 
can only act ^^ithin the pliagocytes, or, in a transitory and incoin|)lete 
fasliion, oiUside these cells, wlu*n phagolysis is taking |>laee in the 
])(‘ritoneal cavity, 'flic resistance oUered by the rat to antlira.v 
depends, thi'i), on this i)liagocytic activity. For its inanirestation it is 
necessary, lir^t of all, that the jdiagocytes shonltl jiianifest a positive 
cheiuiota xis for the baeilli, and then tliat they should seize and ingest 
these oi'ganisnis. llu'se are the vital acts tliat decide the* r(‘sult 
the struggle. \Vlien the |)hagoeyt(‘S show ilieniselves inactive the 
l>aei]li n)nUi|)ly in the oerleinatous llnid which contains in) bacteri 
eidal eytase, and ])ass into the plasmas of the lynn)h ami of the bleed, 
which also are incai)al)!c of killing lliesc bacteria. I he animal may, 
then, die of anthrax, in spite of the ])resence in its body of a large 
(juantity of iiaeterieidal eytase whieli is to be found in sitnaiions to 
wliich the baeilli have not penetrated. In those eases, on the etlicr 
liaml, where the phagocytes accomi»lish their function, where they 
rush U]) to tlic menaeetl ])()int and devour tlie inoculated l)acU‘via, 
these- baeilli are placed in eontaet with the intraeelhdar e} tase and 
I'liis] andergo eomiileto <ligestion. The organism in this ease gets rid of its 
enemies and victoriously rtsists infection. 

Antlirax in rats, then, |)i*(‘sents one of IIk' most iii>tn,ietiv<3 
examjiles of natural iniiunnitv. lUit the detailed analysis of tlic 
* mechanism of this resistance demonstrates very clearly tlie great 
jiart played by tlic phagocyte's in this process. In lliis r<\^peet the 
organism of tlie rat jiiesents, in a general fashion, a grord; analogy 
to the natinul immunity of tlie dog, of liirds, and of otli(n* rejire- 
senlaJives of the animal kingdom that we have examined, thidm* 
those eonditions it is useless to insist at any length on other examples 
of resistance against anthrax ^Yhicll, moreover, have relation mueJi 
more often to a natural immunity against attennated bacilli than to 
one against true anthrax virus, Kabbits and guinea ])igs, so sensitive 
to this vims, often resist the inoculation of Pasteur s vaceinos. The 
rabbit is, in general, refraeiory to the first anthrax vaccine ; it may 
even resist the second vaccine. The gninea-|)ig, a more sensitive 
animal, (h)es not exhibit any nalural immunity except against the 
first vaceiue. In all iliese cases the meehanism is siinilar to tliat 
whieli tlu^ rat anr! the dog oppose to virulent anthrax. Tlie bacilli, 
into whatever part of tlie body they are injecteil, set up an exmlative 
intlammation wliieii iirings up a. large number of leueocvies to Ihc 
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moi\JK*o(L The^e cells re:t<lily exert their j)hai;oe\ tie Ainetien 
Mud rid tlie orgaiii.srn of the introduced bacteria. In urth r to obtain 
a complete grasp of tlie part ])layed by this reaction it will be found 
useful to inject beneath tlie skin of one ear of a I'alibit a liUle anthrax 
vaccine and beneath the skin of the other the same quantitv of \ indent 
liaeilli. 1'he <lifrerenee l>etweeu the reaction in the two eases is nay 
striking, flic ear inoculated witli vaccine soon beedmes tin* se:U of :t 
eireumserilied intlainmation \v'ith a purulent exudation, all tin' baeiili 
ill \vhi(‘li have Vieen devouied liv the leucoeytes. Tin' otiu r ear, on 
the conti'arv, presents, around tlu' injeeted vinis, only a serous or 
blood tingi'd exudation eontaining no, or i'ew, leueocn les ; tlie iiaeilli 
a.re found free in (he liquiil and multiply without let or hindrauee. 
Mi'cting with no opposition the virus liceoines giMieraiiseil through- 
out tlie organism aud brings on death by anthrax sejitieaemia. 
babbits, into wliieh anthrax vaeeines only are introduced, oppose to 
(he iiiAasion of the Ineilli a huieoeytie barriei* wliieh ai'rests their 
extension. The imtur;d Immunity of the sheep, raldnt and guiueti- 
]iig is also a ]>hagoev(i(‘ immunity, but it is only ea|)able of being 
exercised against bacilli jirevionsly attenuated in ^irnl(Mie(^ The[^‘‘>*’] 
I’csearehcs of Mnns ^lebdinikolf^ on the reaction of tin* ]>liagocvt<‘s 
of jlicM^ animals to the liaeiili of J^^st(•ur^s tw'o anthrax vaccines liave 
(lemoiisnaii'd the iriqKirtimee of the dostruetioM of tlieso bacilli by 
(he leucocytes. All tiie other exaiii|)les of iiatinul imnumity against 
anihrax are also merely rolidive, Tlie fowl that resists an a,nthrax 
\irus strong enough to kill an ox or a horse, sueeumbs ton special 
vai'iely of anihrax cultivated by lawin I Tin' dog, as we have seen, 
in s]ute of its jironouiieed natural immunity against aii(hra.x, is killed 
l>y the s[HH*ial anthrax baeillns ])repare<l by iMartel. 

In this iinmunity against anthrax we have to th'al with a liaeillns 
ra]vable of living and reproducing itself in extremi'ly varh'd media, 
lienee the nason, it may be said, that the bactiaicidal inHuenee 
of the fluids is so litth* pronoiiueed in this easo. To bring it inio 
n lief we must, theri‘fo?*e, clioose a bacterium les^ eai»a))le of adapting 
itself to the chemical conqiosiiiou of various culture media. In tlo's 
niatler we cannot do better thaTi select pathogenic sjiirilhi of < x 
tremoly dtdieate nature and analyse the nn'clianisiu of the natural 
immuiutv of certain species of animals with respect to them. It 
must not be forgotten, however, that here wc are making use of 

‘ . IfOh (h’ Igjris, 1S91, V. V, p. i es. 
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[‘(‘prcsoiitiitivoi^ of an infinitely small minority of )>atliO<i'enic l)n(‘teria, 
\]w majority reseinbling the anthrax bacillus in the facility with 
whidi tliey can l)e cultivated in all s(»rts of nutritive media. 

The s))irillum of recurrent fever of juan (Spirorliartr ohcrni/t/rrl) 
was the iiri^t palJioacnic microbe found in an iidoctive disease 
distinctly human. Discovered a thii’d of a centnry ai'O, it has |)assed 
throui;li the hands of the mod skilful bacteriologists, who liave tried 
all possible methmls of cultivating it oiit.-id(' tin' l>otly. Koch 1dm- 
self tried to solve tlie |irobleng bid, in spite of liis ineom))aralile 
skill, did not snc(‘eed, baler. Sakiiaroir', at Titlis, discovered a 
;s])irillum very similar in appearance which {)rodnced a. fatal septi- 
caemia in the gooM\ [le, also, tried to (adtivate it, hnt in vain. II is 
suc(;cssors have, mil l)een more fortunate in tliis respe(‘t. Here, (lien, 
li7e]are two riucro-(>rg;iidsiij[s, agiiiird wliicli natund immunity slmuld be 
(‘asily obtainal)Ie and in a. fasidon quib* other than that against 
anthrax. Nothing, indeed, is more rre<|ueni than examples of wry 
stable natural immnidty against the spirilla of OlM.‘rni(\\>n* and of 
SakliaroiK As I. wished to obtain a clear idea of the nic(‘l)auisni by 
which the gniiiea [>ig resists injections of tlie spirillum of goost* 
i 17! 1 septicaemia {Spinxhdite 1 made injections of goo>e*s 

1>lood, coiitahdng a. cjuantity of these organisms, into t!n^ ]Ma-itoiiea! 
cavity of gniiiea-pigs. Tills injection, as usual, canse> tin; disap 
jicaranec of most of the haiccM ytcs, as the result of a v(ay marked 
jihagolysis. We know lliat, under tliese comlitiojis, llu‘ damaged 
]<‘ueoeytes allow Ji certain quantity of the bactcu'ieidal C}tase to 
escape, in spile of this the spirilla remain intact and exhibit viaw 
aclive moV('men(-i in tin' peritoneal exudation. This exndalion, alYcr 
a, period of jdiagolysis. which lasts for two or tlire(; hours, begins ti> 
be stocked again with lcu(*f)cyte> which come up in ineri'adug 
mimlH'rs, a fact (liat does not jirevent the spirilla nniving about witli 
great riipi<lity. bveii seven houi> after the iujeclion of goost^ s l)lood 
we still timl many extriMii(‘ly ar-tive spirilla among a large numl>er of 
recently migrated K ueoeytes, some of which even at this stage contain 
rod eor]mscles of tlie blood of the goose, ft is not until later that 
the ingeslion of tliese spirilla by the leucocytes commences, the 
leucocytes at last damaging and com|>letely destroying them. This 
ael of jdiagoc} losis may be ivadily observed in hanging dnqis of the 
peritoneal exudation of inoculated gid?iea-pigs. The attention of the 


^ Jifff ih: r hist. l'c'iri.s, i.saj, t. V, }>. r)i;4. 
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l^g^twoeom (Figs. 26— ■28). These pseudopod^? 



Fio. 26. •-^Leucocyte of 
gulrica>pig m the act of 
ingesting two spirilla. 



Fig. 27. — Tlie same leuco- 
cyte, half an hour later. 
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Fig. 28.— The same leuco- 
cyte, ten minutes later 
than Fig. 27. 


/ attoch themsfslT(^ to spirilla which exhibit very violent moTements 
as though w^is^g to extricate themselves from the grasp of the 
leucocyte. Sotodi^es the spirillum succeeds in escaping, but usually 



Fig, 29w— Leucocyte - 
bf guinea-pig in 
the act of ingiist- 
ing a vary active 



Fig. 80.— The same 
leucocyte, forty 
minutes later« 



Fig. 31.— The same 
leucocyte, half an 
hour later than 
Fig. 80. 


it beodmes suiTounded by sinks more and more 

doeply into the substanoe of tho leucoqyte* jBven when almost 
sapm^nded the part of the spirillum still continues to move 
29~3I).’ Thwe ' cease only after the complete ^ 

:;ilV 
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ingestion of the spirilluro. Once inside the phagocyte the spirilluiinl 
is digested and soon becomes unrecognisable. ^ I 

Recently, Sawtcbenbo' took advantage of an epidemic of recurrent^ 
fever at K^an to make similar investigations on the natural ini^ 
munity of tlie guinea-pig against Obermeyer’s spirillum. He observed s 
that these organisms, when injected into the peritoneal cavity^' 
remained there, alive, for 24 and even 30 hours, whilst these samel 
spirilla, when kept at 37° C. outside tlie organism in their natural' 
medium, died at the end of some (4 — 7) hours. The injection of 
ri?!!] human serum containing spirilla into the peritoneal cavity of guinea- 
pigs set up a phagolysis succeeded by a considerable afflux of 
leucocytes. In spite, however, of the arrival of quite an army of 
these cells, the spirilla continued to move rapidly ; for a long time 
they evaded the phagocytes which, however, in the end always 
ingested them. But it is only the macrophages which fiilfil their 
phagocytic function (Figs. 32 and 33) ; the mici*ophages obstinately 



Fio. 82.— Macrophage ol guinea- Fxo, 83. — Macrophage of guinea- 

pig filled with siiirilla of recur- pig containing three Spirochaete 

rent fever (after Sawtclienko). obertneyeri (after Sawtehenko). 

exhibit an absolutely negative chemiotaxis. Now, as the macro-: 
phages do not make their way into the peritoneal cavity until after 
the microphages have appeared, it is easy to understand that phagO¥ 
eytosis can only take place at a late period. Sawtehenko came td 
the conclusion that “in the peritoneal cavity of animals naturally 
refi'actory, the spirochaetes perish as the result of a slow phagocytosis 
aud not from the action of the bactericidal substances of the fluids.’’ 

‘ Arch. rum<» de pathnl. etc., St P^torsb., 1900, t. ec, p. 678 j and Sawtehenko et 
Melkich, Ann. de Hnst. Piuteur, Paris, 1901, t. xv, p. 502. 



hum *nity against pathogenic niicro-organistns 1(>3 

In confonuitv witli tins result this observer has otteu noted tlie 
ingestion of living spirilla by the macropliages, in Iringiug iliops of 
the peritoneal exudation of inocidatcd guinea-pigs. TIu* ]>henoinon(>n 
coiTes]>onds exactly to that described in connection Avith the spit ill mn 
of the goose* 

In S])ite of the great diifei'cncc bet^vcerI the spirilbiin aixl Uie 
anthrax bacillus from the ]K)int of view of their adai)taiio\i to 
surrounding media, the general result is the same with l>oth the^e 
microbes: animals endowed with natural immunity get rid of them 
tl)rongl» the agency of their phagoev tes. 

It Avould 1)0 impossible and even useless here to pass in revic‘w 
all tlie cases of natural iimnunity against infec tive miei*o-organisms. 
We must eonsec|uentlv limit ourselves to several examjiles Avhieli 
may have an interevsting Iiearing on the study of tlie [>i*ol)leni as 
a Nvlnde* The s]iirilla, whose history we have just rceordcMl, remain 
in the peiiumeal tlviid, without change of form, up to the moment 
svIk 11 they are captured by the niaero])hages. Let ns sec by wliat 
meelrtUiism tlie natural imumnitv against micro-organisms, cliaracUu- 
ised by a very special scmsitiveiicss to external influence's and by a> 
consideraVile change of shape, is pi oduced. The cholera vibrio and its 
^dlies best satisfy this postulate. When they find themselves placed 
under unfavoiirabh* conditions, these vibrios immediaUdy become 
transformed into small splieileal bodies wliich are uiucli more like 
cocci than vibrios, d'he cholera vibrio is ])athogenie for the la- 
boratory rodents, espe'cially for the guinea-pig, wlien a fairly large 
<|uantity of a culture is injected into the peritoneal cavity^ Against 
smallei’ doses, liowever, the natural immunity is a most marked one. 
if Ave take a race of the cholera vibrio of medium virulence, and 
inject into the jieiitoneal cavity of guinea pigs a sublethal dose of a 
(‘ulture, the folloAving phenomena may be ol)serve<r. The inoculated 
vibrios move actively in the peritoneal fluid, from Avliieh almost all 
the Jeucoeytes have disap|)eared. TJierc remain oidy a few lymjdm- 
cvfes which aj>pear to be indifterent to the influences thaf set up a 
real ]diagolysis. Ihit, little by little, fresh Jeucoeytes come into tin* 
exudation and engage in a struggle Avith the vibrios which, so long as 
they are free, retain their carved form and complete motility'. The 
nnerophages, especially, swarm into the peritoneal cavity. Some ol" 
lh« in begin to ingest vibrios, but this phagocytosis is at fir.-t slight, 
hater it becomes much more active. The miero|>liagi‘s an<l macro- 
" ^1)1)1, dc I' Inst. Piiidcnri Pari.-j, isy.r», t. ix, p. 448 . 
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phages seize vibrios that are evideutly living and uninjured, which,;;! 
sometimes, may be observed inside the vacuoles of the leucocytic ' 
contents exhibiting very lively movements. Once ingested, howevet,^ 
many of the vibrios tecome transformed into round granules. ThiC; 
change of shape is constant when inside microphages, but is com- ; 
pletely absent when inside macrophages (Figs. 34 and 36). Finally, 



Fio. 34.— Microphage of guinea- 
pig filled with cholera vibrios, 
the majority of which are 
transformed into granules. 



Fig. 35.— Macrophage of goineu- 
pig filled with cholera vibrios 
not transformed into granules. 


[174] the phagocytosis becomes complete, and the organism gets no ot tiie 
vibrios solely by means of this reaction. Even seven liours after 
iiyection of the vibrios, when the peritoneal fluid, crammed with 
leucocytes, has become thick and turbid, there still remain a few 
scattered vibrios which always retain their shape and their normal 
activity. A drop of this exudation, maintained at 38” C. outside the 
organism, gives, in a few houre, an abundant culture of very active 
vibrios. It must, tlierefore, bo concluded that the fluid part of the 
exudation was powerless to destray the vibrios or even to render 
them motionless, whilst the living leucocytes have shown themselves 
callable of ingesting and digesting them. The peritoneal exudation, 
withdrawn at a period when' it no longer contains any free vibrios 
still gi ves cultures of the organism for some time. Soon, however, 
there comes a period when the inoculated exudation remains sterile, 
this proving that the vibrios, ingested in a living state by the 
phagocytes, have at length been killed by the microphages and 
macrophages. 


fliwmnity aifaind patlwifeuk nruro-i^njani^^hii^ IG^ 

When, iiisteiul of cLolera A'ibrioH of medium viruloiu e, >ve tuke 
a variety coiuplelely de]>rivod of jHiiliogtaiie activiiy. it i^ soiiu tiiues 
oVvseived that certain of tliese or^aiusms, wlien injected into tlK^ 
peritoneal cavity of the normal guinea-pig, become transforim d into 
j pliorieal grauvde^ in tlie fluid of the cMidation Avithout, any dina tj i ; 
eo-o])(n’ation of the ]>hagoeytes. Tliis tran?5rnnnaiion inf»> grannies 
Avas first stmlied by It. Pieifler’ ami henec has been termed IMeilier s 
})henomenoiK , It is of limiic<l occurrence in natural immunity and i . 
produced, as 1 have l)een able to demonstrate, only umhn- cert;: in 
well dv'tined conditions. Preifler's plKmoinenon is observed in tin* 
peiiror;eal fluid. It commmices soon after the injection of the vibrio^ 
and take s j)la.ce during tlie pericMl of plnigolysis. hi other ])arts of tin: 
]){)(!} o(‘ the guinea liig, iiotably in tlie subcutaneous tissue atid in tlie 
antorioi* chambei* of tlie (*ye, Pfeilfer's phenomenon does not manifest 
ifsoli ; the animal, no’je the h‘ss, resists tlie inoc»d:dion of the vibrios, 
i'h'cti JO tin* peritoneal ea>ity, im.)re(>\er, it is easy to eheek tin' 
giajmlar t rimsformariof) of th(‘ vibrios by means which jU’event the 
|>rij«!uc( ion of j>]iago!ysis. W'iien \\i^ injta't inlo the peiiloneal cavity 
of a gninea pig a hacign flni<I, capable of exciting the phagocylie 
ai'lion, e.g. \eal broth, ]>li\ siological salt solution, urine, etc., we first 
excite a transitory ]»hagolvsis. ^fo this stage suceceds another in 
wliicli the leni*o(‘\ tes bc( onu* vei*y numerous and mueh more icsis(ant 
than bel'ore. if we take advantage of this period of lem'oeylie 
stimulation to inject vibrios which liave been attenuated as jnnch as 
possible, we sliall olrscrvt" that llnw si>on iK'coim' the prey of the 
]a'riton(’aJ phagoeytes, without manifesting any sign whatevo' of 
rfeiflVr's j>henomenon. 

It is evident, then, that tliis extracellnlar destruction of tlie 
vibri(^s, sometimes ob, served in tlie peritoneal cavity, is really the wm k 
of the microcylasc that has escaped from the phagoextes »luring their 
pi'viotl of transient injiuy. 

Having analysed the meelianism fif natural imimmity againsi 
certain bacilli, spiiilla and vibiaos, it will be inlerf .-ting to ilctfu num^ 
whelln r the same lailes are to lie ajijdied in the ease (»1‘ thr‘ <'occ;k 
(dioice is imtdiflicult since we may equally well fix upon tlie staph vlo 
etjeci, tlie pneumoeoeci, streptococci or gonococci. Should wc d<‘< idc 
upon tlie strcjdococcHS it i>s solely because the natnnd inniminiy 
again-t tliis micro-organism lias attracted tlie spi'cdal attcntit>n <u 
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: several observers. A second advantage of the streptococcusi howev^i 
is the high degree of natural immunity manifested against it 1^ 
j;^|i76]a laboratory animal so convenient as the guinea-pig. Dr Jules 
Bordet^ studied this subject in my laboratory. He observed that the 
injection of streptococci into the peritoneal cavity sets up a marked 
leucocytosis which ends in a complete destruction of the micro- 
organisms. The leucocytes rapidly ingest the great majority of the 
streptococci and destroy them ; there remain only a few isolated and 
free individuals which are protected by a clear zone (aureola) which 
develops around them, but in the end they also become the victims 
of the voracity of the phagocytes. When we increase the dose of 
streptococci injected, phagocytosis still goes on, but some of the 
streptococci succeed in escaping, and we see a new generation 
produced which is distinguished by the thickness of the protective 
itureola. In spite of the afflux of a largo number of leucocytes, 
they no longer ingest the streptococci and generalisation of the 
infection results, followed by the death of the animal. Natural 
immunity, then, can be suppressed under certain definite conditions. 
Dr Jules Bordet’ wished to satisfy himself whether the leucocytes 
failed to fulfil their phagocytic function because of the paralysis of 
their movements, or as the result of some other weakness. With 
this object he injected into the peritoneal cavity of guinea-pigs, at 

the moment when the 



Fio. 80. — Peritoneal exnclation from guinea-pig 
showing free streptococci and micropbages 
that have ingested Froteus bacilli. 


streptococci begin to get 
the upper hand of the 
leucocy te8,a definitequau- 
tity of a culture of Proteus 
vulgaris. These small 
bacilli in a short time 
become the prey of phago- 
cytes which, however, still 
refuse to ingest strepto- 
cocci (fig. 36). Thereisthuff 
in the peritoneal cavity a 
kind of selective process 


as regards the ingestion 
of these microbes. The Proteus disappears as the result of phago- 
cytosis, whilst the streptococci thrive in the fluid of the exudation 


’ Am. de Vlntd. Pasteur, Paris, 1897, t. xr, p. 177. 
* vl«n. de VJnst. Pasteur, Paris, 1896, t. x, p. 104. 
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and continue to Tins exnoninent, wliich v(/;u 1 ily su(‘cecds, 

(ieinonstrates very dearly the diffcrcncc betAveeu I la' positive sus [ 177 ] 
ceptibility of tlio Icueocvtcs (Avith respect to the Pr(^fnf,<) and the 
neyjative (with la'spcct to the streptococcus-. Uordet, in aci'onJanec 
with tlu' view now g-euerally accejded, regards this seusliivtaa ss as a 
cliciniotaxis, that is to say a, fa rception of tin' chemical coinpnviiiiai 
of tlie sur!‘ounding ]iicdiuiu. It must be admitted that tlie sni)>i:)ncc 
nhicli excites the <*heuiiotaxis of the leucocytes does uot readil;, 
diffuse and may not, thma fore, be found in a state of solution in tin' 
])lasma of the j)eritoue;d exudation, (dlierwiso the leueocytes Avould 
refuse to iiu^esb not only tlie streptococci, but also the small rrofca.^ 
bacilli, liathed in tin* same repellent fluid. It is more [>robable [hat 
llic sul)slance wliidi excites the ne.aTdivc chemiotaxis is confaiiuMl in 
(he aureola tliat surrounds the streptoeocci, fn»r» which it only 
esca}»cs with dlfficuUy and ior a short distain e. 

MarchamV continued tbe invoiigalion of iljc same sul)ject in 
Denys’ laboratoiw at Lf)uvain. Jle studied the uatui’al resistance of 
i!i(' guiueaypies rabbit ami dog against tlie strei)to<*(>ccus. lie, also, 
came to tlie conclusion that ])hagocytosis constitutes tlie principal 
means of defence of tin*se mtinnuals in their struggle against one of 
t!ie most formidable of tiie pathogenic miero-organisncc Sta)*ting 
fj’oin a single colony, Marchand obtained Iavo distinct races, one very 
virulent for llu^ ralbit, the other encountering a must effective 
nalura! resistance, 'fhis resistance is due to the activitv of the 
piiagocvtes which d(istrov the streptococci in tin' ordinary fashion, 

Ke slates as the general result of Ids investigation that ‘Dm at 
tt'iiuateil strcjitococcus is a. stre))tocoecus reatlily devouri'd by jihago- 
cytes'' whilst very vindent stre]>toeoceus is a mici’obe that is not 
attacked by the h'ucoeyies," and ho adds that “a str('|)tnc(M*<‘Ms is 
virulent because it is not devoured by phagocytes” /.r. ]>. g 70 ). Dp 
to tills point the views of Marchand are in accord \vilh those of 
iiordet; but here they iliv'erge/ in (act as soon as it becomes a 
{{ucsiion of the explanation of the origin of the difference in the 
behaviour of the lcueoe\tes. Marchand refuses to apply tlu^ theory 
of chemiotaxis and asserts tliat the iihagocytosis depends on some 
pliysieid ]vru]>erty of the strepbjcoccus and is consetjueiitly dc jun- 
dent on the tactile fnnetions of tlic leucoiwtes d-- The 

experiments upon vvhicli lie fbunds his conclusion cannot, however. 


A,'c/i. (ic iiitd. /.uy/cc. d. Ibfvs. t. x, a -et 
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be rc<:;anled as absolutely demonstrative. Thus, Marchand observed 
[ 178 j that tlie uttemiatcd strejitococci, when conveyed iii the culture- 
fluid of the Yiruleiit variety, arc as readily devoured by the pliago- 
eytes as when they were injected alone. Accordinij^ to him, there- 
fore, there was in the cidture-lluid of the virulent streptococcus 
no soluble sul)stam:e ca])able of cxcitini*,' the negative cliemiotaxis 
of the leucocytes. But is it finite proved that this substance must 
necessarily i>ass into the tiltrate of a virulent culture? If it adheres 
closely to the glaiiy aureola, as we have suggested, may it not remain 
behind with the bodies of the streptococci, without passini^ through 
tlie filter in any ai)preciable amount? The (]U(‘stiou cannot be re- 
gartlod as definitely settled, but prol)al)ility appears to lie on the side 
of the theory of chemiotaxis. 

Marchand also investigated whether the immunity against the 
attenuated streptococcus might not be explainetl by the bactei icidal 
activity of the fluids of refractory animals. IBs rt‘sults were un- 
varying and definite. The Iflood serum of Ins animals never ex * 
hilnteil any bactericidal power against the streptococcus, and the 
attenuated race, like the virulent one, grew* well in the sei uins of 
the rabbit, dog and guinea-pig. 

More recently, Wallgren^ lias t;d<en up the study of the im- 
munity and susceptibility of rabliits with respect to the slieptococcus. 
IBs eonchisions are, on the wliole, in accord with tliose of liis ])re- 
dccessovs. He found that if the injected strcjitococci were not very 
virulent jihagocytosis began immc<liatel\ after the injection into the 
peritoneal cavity and continued as long as there were any streiito- 
cocci to be attacked. In those eases, on the other hand, where the 
streptococcus was endowed with a greater virulence, a transitory 
l)ha goeytosis took phu’O at the lieginning of the infeclioii ; but the 
streptococci soon succeeded in adapting themselves to the struggle 
with the leucocytes and kept them at a distance. The multipli- 
cation of the streptococci could tl'en go on without restraint and 
the animal soon snccninhed to a generalised infection. Wallgrcn 
considers that, in the defem-e of the organism against the strciito- 
coccus, the products of tlie destroyed Icueocytes may, sometimes, 
play a part. 

As the inechauisin of natural immunity against the groups of 
iiacteria— bacilli, spirilla (and vibrios) and cocci — presents a very great 
analogy in all tliree, it might be considered supei-fluous to continue 
^ Zh'ijlcrs IScitr, z.^alk, AthU., Ji-iia, Bet xxv, IS. ‘20(). 
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our analysis of tliis phenomenou. Our review, however, would be 
incomplete if we omitted to take note of the natural immunity of the 
animal organism against micro-organisms which are distinguished 
by an exceptional toxicity. The first place in this group must 
undoubtedly be assigned to the bacillus of tetanus. 

It may appear very inconsequent to be told that animals very 
susceptible to tetanus, such as the guinea-pig and rabbit, are endowed 
with a natural immunity against the tetanus bacillus. vVnd yet this 
fiict, paradoxical as it may seem, has Ijeen demonstrated beyond 
doul)t by Vaillard and his collaborators Vincent and Rouget'. When 
a small quantity of a culture of the tetanus bacillus was injected 
into one of the animals just mentioned, tetanus was not long in 
declaring itself. After a period of incubation, certain muscles be- 
came stift' and a tetanus, local at first, soon became general and had 
a fatal issue. Non', when much larger quantities of bacilli are 
inoculated, but care is taken to rid thetu of the tetanus poison elabo- 
rated in the culture-fluid, the animals resist without exhibiting any 
trace of tetanus. I’his experiment, repeated many times, always 
with the same result, demonstrates that the tetanus bacillus, when 
depri ved of the co-operation of 
the toxin, encounters, in these 
animats so susceptible to the 
latter, a most eifective opposi- 
tion. Why is this? It was 
supposed that, in diseases like 
tetanus so markedly toxic in 
character, the resistance was 
in no way dependent on tlie 
phagocytic function. Thus 
Vaillard and Vincent were 
(juite ])rcpared to attribute no 
share to the phagocytes in the 
e.xample of natural immunity 
which they had discovered. A 
detailed analysis of the facts 
convinced them, however, that 
in this they were in error. 

Guinea-pigs and rabbits do not contract tetanus, after the inoculation 
of a quantity of spores and bacilli of tetanus deprived of their toxin, li! 
* Ann. de I'lmt. Pasteur, Paris, 1891, t. v, p. 1 ; 1892, t. vi, p. .385; 1893, t vu, p. 755. 



Fig. 37. — Leucocytes of rabbits filled 
with tetanus spores. 
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solely because of the oecurrenco of very pronounced phaj^ocytosis. 
Such an in/jection is soon ii)llo^Ycd by a very marked invasion of 
leucocytes wliicli cram themselves Aviih spores and bacilli without 
IxMug in any way iacoiivonimiced thereby (Fig. 37). fhice the pliago- 
cytes have devoured all these organisius, the latUa* lKX*f)nie incapiible 
of producing tlicir morlalic effect. The S|)ores cannot germinate 
within th(' phagocytes, but there undergo a marked degeneration 
and finally, after a longer or shorter interval, disapjiear. 

^V3lcn, on the other liand, the tetanus bacilli or their .sj)ores are 
accompaiiicd by the pre-formed toxin, the latter, aecoi'ding to \^ullard, 
excites a negative cliemiotaxis of tlie leucoiytt^s wiiich keep away 
from the organisms and whicli are tliiis allowed to multijily and 
to secrete fi-csh quantities of toxin. Tlic natural jmiminity of tlie 
animafs organism against the tetanus bacillus can be su[»pj*essed 
whenever tlie pliagocytic defema^ is haiupercil in any way. I'nder 
natural conditions it is usually the adjuvant micro-urganisrns that aid 
the tetanus infection by hindering tlie pliagocytes from seizing tlie 
spores with sullieient rapidity to ju’event their giuinination. This 
fundainental result, estaldislied by A'aillard and Vincent, has often 
been gainsaid on the evidence of insullieient exi)erimcnts .Sanchez- 
Toledo, Klipstein, lloncali), but, ultimately, its accuivuw has bi cu 
com|>letely confirmed. Cases have been cited in whicli the tctiinus 
spores, deprived of tlieir toxin, still set up a fatal tetanus. Wiien a- 
small fragment of an agar culture of tetanus, [ucviously licatod to 
h.V'C. foi' tlie jiurpose of destroying the toxin, is inoculated, we 
])roduce tetanus. Vaillard and Uouget have demonstrate d that, nnder 
these conditions, the leueoeytes penetrate merely into tlie supertieial 
layer of the agar, tbe sjmres germinating and the bacilli nmitijilying 
in the deeper [lart \Vc ean also set up a fatal tetanus in animals 
by inoculating, along wiMi sterilised earth, spores de|u-ive(l of their 
toxin by means of lieat. The particles of soil jiroteet the s])oi‘es 
against the aggression of the pluigoeytes, allow them to germinate 
and then to jioison the organism. liaetic acid jiroduces an analogous 
effect, by destroying or weakening the ])hagoeytcs. Mici'o-organisms, 
most often inolfeiisive in tliemsehes, also prevent the phagocytosis 
of tlie b'tanus sjiores and thus aid tlie intoxication. 

The facts above summarised have been demonstiuted be the 
rule for several species of anaerobic pathogenic bacteria. Thus, 
llessoiC showed that the seiitic vibrio is, by itself, incapable of setting 
^ Ahii, ih-rinst. Pitsh'M)\ rari.vi, IS!)"), t. IX, p. 170. 
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lip HcpticacTnia ; in order to do this it needs the eo-o[»eration of otlior 
inicro-organisins* Leclaiiiche and Valhk^^ have extended (he s:one 
rule to the baeillvis of syin[)touuitic antlirax ( />Vo77//^s rlunintd)^ so 
imjiortant as l)eini;' the eausc of an epizootic disease of the Itovidae. 
rh(‘ sjioros of this tiaeillus Avhen heated to oO — da ( *. h)>e (lie ]»re 
{‘oiined toxin and at once liecoine incapable of prodneiic): iid\‘('tioiL 
In tliis ease also, these s|)()rcs soon after injeetion Ijcconic (lie 
of ))liagoeytos^ ’wliicli seize theni, prevent their gerinination and elie( 1; 
tludr patliogenic action. If to tliesc lieated s[>orcs^ however, we add 
a small quantity of toxin, they arc enabled to genninate in tlc' 
tis>nes and set up a ty]ucal infection. If heated spores arc mixed 
with sterile sand, and the mixture introduced into gninea pigs^ these 
animals almost invariably acquire a fatal symptomatic anthrax. The 
sjiores in (he sn])errieial part of the sandy mass are readily devoured 
by tlie [ihagocytes; but those which are included within tlie centra! 
j>art of the mass, lieing proir’ctial for some time aixainst these cells, 
germinate as soon as they iKa-ome j>ermea((’d with the fluids of 
the animal organism. If we envelope.* (lie sand in a. paper sac the 
|n'oti‘elion against the jihagocytes is still more complete ami allows 
almost all the s|K>r(*s to germinate and in every cascr to set np a fatal 
infeedon. IjCelainclie and V'allec* conclude from (heir experiments 
“ (hat we only re((uire t(^ |iroteet the spore medHtinvall jf in order to 
see an inleedon produced; here we caunut allege an increase of its 
viridenee, as wlien Wi‘ a>so(‘iate a cheini(*al sulistance with the virus, 
ami th(‘ exclusive ]>art ])Iayed by the phagocytosis in tlie protective 
[‘voecss stands out clearly ([>. 221 •. 

Tlie history of tliese tlin^e anaerobic organisms clearly jiroves that 
the natural immunity against them cannot be made (lejiendent on 
either the bactericidal jiowei* of the fluids, or on any antitoxic pi'o|K‘rty, 
or on the incapacity of the miero-oiganism to secrete its toxin in the 
thuds of the refriictory animal. The cause of tliis immunity resolves 
itself into the reaction of the phagocytes which [irevcnt the micro- 
organisms from jiroducing tlicir ]>oisons. 

All that has been said on the subject of the natural imnnmily of 
the Yertclirates has had reference to cases of resistance against j 
Ilacteria. But may not the immunity against iniero organisms la - 
longing to other groiqrs depend on other factors with whi< h tlie 
reader has not yet been made sufliciently acquainted ? Amungvi; the 
lower plants there are Blastomycetes {TomJnv ami V^^asts v hich arc 
^ Aiui. iJii r hint . Pasitrifr, Tari^, LVOO, t. -SI V, “20J. 
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caiKible of producinu: infection?;, ejj. tl»e di.ieasc ann)ng8t the 
JPapliHiae. 

Some obsin’vcrs, no doubt, have t*onie to the conclusion that the 
various Blastoinycctes, Avhen introduced iiito a lelractory organism, 
nndeigo complete dcstnn'tion within a few hum's witimut any inter- 
vention of 5 >ii;igocytosis. Tims dojia' ex))lains th(‘ ilisappcarance of 
yeast cells inj( cIimI inlo the veins or peritoneal eavitv of the ral)bit as 
due to the sole iidhicnce of tlie microbicidal proj)eriv of tlie blood- 
fluiiL Giikinet' looks at it from the same )>oint of view. He in- 
jected l)eer yeast {S(irrlt(mniiycei< carrisiat ) into a rai)l»it and observed 
that it had disappeared sh(j)’tly afterwards. The ties? ructi on of the 
yeasbcells, according to this observer, ‘‘ is eirectt^d by means of 
plasmatic Juices ■’ and 'Hs due to a s])eciiic jii'opcrty of the organic 
Ihiids ’ wliose nature is ‘Gjuite miknown as ji'gards its essential 
priiieiple.” l^liagoeytosis is said to ]>lay no ])art in this |)hcnomeiion. 
Let us lia^teii to say tliat before the publication of the two works just 
cited, a meuioii* by Schattenfroh ' had appeared on tlie same sul ject. 
Tliis obsei'ver, M'ho carried out his experiments in iUielnuT s laboralt^vy 
at Munich, accurjdely observe<l and desci'ibed (he (lestriudion of iii- 
jeeted yeasts by pliagoeytes, whilst Ids exj)erinients on the mierolhcidal 
]>ower of the l)iood and serum failed, 'fhis testimony is the more 
im])(n*tan(; that it emanates from a school by whom the mierol)icii1aI 
|iower of tlie ‘Huunours ’ is regarded as tlie principal factor in the 
defence of tlui animal organism. The facts deserilied by Sehattenfro!! 
are perfetdly accurate and Imve been eoidirmed in my lalauatorv by 
Skehiwan\ who did not restrict himself to injeeting ordinary y<‘asts 
(pink y<‘a>t, SffnfKfromf/rr}^ pdsfarlifirH^^: but ino(‘ida(.ed guinea- 
jhgs Avith piUlmiicnic yead-cells, isolated lyy Guriis ’ from a case of 
jmyxoniatons tuimMu- in man. Tlie guinea-pig is refractuiT to small 
dos('s of this yeast but snc».'umbs to iujcctions of larger (juaidities : 
SkcluAvau coin iiieed himself that the ingestion of the non patliogenic 
yeast cells taIv(‘S j>iaee >\ itli great niju’dity. Ilnis the Siuu-IntroiNf/ri 
pa.iformuifs, in the peritoneal cavity of the guinea ]iig, is ingested 
almost exclusively liy inicrojihages at (be end of two hours. Some 
'1; hours after iujcction, 'Gsowings '* of tfie peritoneal exmlaliou 

^ f. TUu'U'yh>i. n. PirranlU^ytk,, Joiki. I sa;. 1><1 xxl fS J <7. 

• . \y‘'li. r/r in'iJ. ft. (lauift. /xf/Iy, I'nris, t ix, p, SSL 

Ari'h.f. (lij'j., Miiiichen n. Leipzig, isia;, IJ.I, wvii, >S. e;0. 

' Jfuy <//= !' iiist. I*itstfnr, riiris LSI)P, 1 . xiir, p- 770, 

fbki, i saa, L X. p. 4 IS. 
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no 1oii;Lj:or yield growths On the other hand ('uitis’ pjdlioirinnc 
veast-cells resist the action of th(3 ])liagoeytes for a, imu li longer titne. 
After a ])criod of ])liagolysis in the peritoneal cavity, tlu* leueiKwtes 
that have just arrived in large nninhers begin to sei/e the \ea'^t eells. 
Usually several inacroidiages fuse around the same yeast globule form 
itig a vei*y eha]‘aetei-istie kind of rosette. Sometimes the macrophages 
run together to ])ro<luee a giant eell, whosi* eentre contains the 
yeast-eell. This latter defends itself against phagoeytosis by secreting 
a fairly thiek membrane. The struggle between the two living 
t'lements is a fairly prolonged one; 21 to Id hours after inoenlatit)n all 
the yeasts are surrounded by tdiagocytes. amongst wliieh inu roi^hages 
are t'xeejhional. Jhit th(.‘ pai’asiti's rtanain alive f<jr t — G days alter 
fhcir injeetiou into tlie peritoneal ea\ itv, as ]>voved by tlu^ cultures that 
are obtaiiied fr»im the exudation wlien tlie fluid is ‘•see<led ’' out. It 
must be coueluded. thereft)i*e, that the yeast-eelis Mere sun-ouudt‘d Iw 
rite phagoeytes whiUt still ])resenting all the signs ol’ lihx Skehi\van 
was m> more suceessful limn SchattentVoh in demonstiatiug any kind 
of mierobieidrd action of the Iluids on the l>lastomye(Mes. 

Tlu're is, eonse()uenUy, no doubt whatever that tlje resistaiicc of 
the animal organism against yeasts follows the same ruh's that hold 
in the dvdenec^ against l>aeteria. 

The animal miero-organisms are imuh rarer in inrective tliseases 
than arc- the microphytes; morcMaver the impossibility of olilaining 
ruknres of them renders their ijoc'stigaticm mueh m<»re ditlieult. 
Yvt therc^ exist facts that are ea]>ablo nf atfording ns informatiou as 
to the means made use of by the refracgory organism against certain 
paricdtie Protozoa. Atnongst these lattc*r tin) Trt/i>aiiosfniair ]>lay a. 
most important part. Une species of this ge nus A prodnec s 

an infective disease in rats, es|»eci;d!y in the grey rat (Mfis thru- 
nKiiiiiY, tin* l)lood of these r<»<Icnts often <‘onLaining a vmy large, 
mnnber of tliem, w Indst the small fktgellafed organisms tlonrisli well in 
the serum ]>re])ared from the l»lood of aifeclcd aninuds, Uavermt and 
MesniU, in their stndjcs on Mn^ injeebal delibritmted 

l>!ood contaitnng immercais into tlte ]>eritoneal eavitv 

of guinea-pigs^ winch exhibit a natural immunity against this parasite-. 
I'hc )>arasites remained alive for some days and tiien disa|>peared 
completely. Here again it is the jjhagoeytes of the [)critoneal exuda 
lion which ri<l the animal of the Trypanosouuic ))y ingesting tlican. 
Laveran and Alesnil were able, lay the examination of hanging drops 
' Ann. ih* I' fn,<i\ 1/nris, 1001, t. xv, p. OTS, 
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of the peritoneal exudation of their guinea pip!:^, to detect leviooeytes 
ill the act of devouring TryjH^rummifut wliicli allowed, by tlioir active 
rnoveineiits, tJiat thc^y were still alive. Once the parasites were coin- 
pletely encloseil within the inaciophages, tl^cir finid disappi^arance 
took place witli extraordiiiai*y rapidity. 

In this chapter we liave atttanx>ted to place liehire the reader a 
complete series of the xihcnomena observed in natural innnunity 
in animals. We have passed in revicAV the resistance oftlie animal 
organism against the |)riucipal groups of bacteria^ and we have dwelt 
on eertain of them which are most cajiable of adapting themselves 
to Viu ious media, and on otliers which present examples of micro 
organisms more exacting and more delicate. We have t‘xamiiK‘d the 
immunity against Blastomycetes and parasitic animalcules. Alicive 
all, in the lower animals, just as in the Vertebrata of all class(*s, we 
have aUvays observed this general phenomenon: i>hagoc\'iic resistance 
as the principal and constant factor in natural immunity. 
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TTTE VIXIIIANTSM OF NATURAL IMMUNITY AG.VINST 
MUMlO-ORGANlSAlrf 

The Jestruotion of nuuro-or^oinism.s in iialnrul iininunity sin act of resorption. — 
Part i>]aviMl l;y inllsonnistti^ai in natnrai iininunity.— Inijwn-tanee of niicn>phap.'S 
ill iimnvinity sig-siin.st micro-urg^iinisins. — Cheiniotaxis of loiu ocytes and in^e.stion 
of niiui'ij oryaui^ms. — l’ha.‘.;:ocyt.os are capsiblc of jnjxestiiii,^ living and virulent 
iniuro-organisni.s. — I’lie di^^estion of iuiuro*organisnis in phaoocyteji is most 
ofttMi ell'eeleJ. in ;i iVeltly acid incdiinn.- -IJai.Tcrieidal projierty of serums. — 

Idiagocyiic (o iion of tin; i>a<*teriuid;il snlistanee. -Thoorv of (he secretion of the 

hactcricidal substance by leucoeyte.s. — f'empsirison of the bsn tericiilal power of 
.s(*nims and of blood |>l.asn)a.s. — Tin; bactericidal substance of blood .serums must 
not Ik; considered a .secretion [uWucL of leucocytes; it remains within the 
phagtM'vtes, so long as they are intaet.-- -The eyias(‘s. — 'fwo kinds of irytasos : 
macroeytase and microeyta.se. —Cytase.s are endo en/yines, allied to trypsin.s. — 
Cluinutvs in tht‘ staining |>ro|)orties and in the form of micro-orgaiiisnrH in the 
phagocytes. — Ab.sence or rarity of rixativc‘S in the serums of animals endowed 
with natural injmuiiity.- -The aggluiiiiatiou of micro organisms does not [day 
any importaiit [>art in the mechanism of natural immunity. - A bsoinu* of anti 
toxic property of tlio body fluids in n.atnral immunity. — 'fhe j>hagouytes destroy 
the micro-organisms witiuuit tlieir ingestion being [uceeded by neutralisation 
of tlio t<»xiiis. 

The facts we have set forth in tlio iirecediiijt!: chapter clearl}^ 
us ill eoucliidiiiu^ that the destruetioii of the iniei o organisius in 
natural iiuinimity is reduced to their resorption by the fihagocytcs. 

AVo have now, therefore, returned to tlie i>oint ariaved at and 
already studied in Chapiter iv, wlierc we afctein])ted to establisii cer tain 
tiindaiueiital laws. It remains to be seen up to wliat point thesi.; 
laws aiddy to the jiheuoineiia of natural inununity aij^ainst infective 
micro oi'ganisms. 

TJie introduction into tlie animal organism of fon ign lileod. of 
siiermatozoa belonging to the same or a diilereiit speci(‘s, or <»f any 
other cells, as in the case of the penetration of micro-oipniisms into 
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tlie tissues or cavities of the body of a refrnetory aiiiinal, dctcrinines, 
primarily, a localised it^flammatioii, associat(‘d Avitli which is a diu- 
pedesis of many white corjmscles. Instead of aseptic intlamination, as 
in the case of the resorption of cells, there is produced, in antimicrobial 
immunity, a septic inllammation at the point of invasion of the micro 
ori;anisms. In this inflammation the redness and heat arc slight, the 
fluid part of the exudation is insignificant, but wliat is especially 
characterislic is the large number of leucocytes which come uj) 
towards the point menaced. This constancy of the inilainmatory 
reaction in natural immunitv is one of the best proofs of the accuracy 
of the view that intlammation is a pheuonieuou usefid to the animal 
organism, cs|>ecially in its striigghi agaii^st miia’obial invasion^ As we 
have devoted a whole volume to the dis(*ussion of tl)e c()m])arative 
}>;dhol(>gy of inrianimation it is here urmecessiirv to discuss it furtlier. 
Since the puldieation of tins book numerous jirticles on injlinnmation 
have appear(‘d, Imt none of them liave undermined, in the least 
degree, the fundamental bases of the plmgoeytie tln^ory of inf1annn«i.- 
tion. The view’ that this phenomenon really constitutes a liealing 
reai'tion of the organisii) is at iwesent accepti'd by many investigatoi’s 
in all counti*ies. It is therefore needless to re^defend it. 

Althougli there still remain a certain numl)e]’ of ])oinls that arc 
not siilliciently cleared nj) in the essential mechanism of intianimation, 
ij. is now proved beyond doul)t that the sensitiveiicss of tlie cell 
elements wliich hero play a part, is one of the essentia! factors in the 
]>roccss. 'fhe nerve cells wliicli govern the vascular dilatation, the 
endothelial cells which allow of the passage of leucocytes, and the 
IcucoCA b^s themselves which escape from the vess(^ls in orflei’ to I’i'ael) 
the ]>oint of enti’ance of the micro organisms, all must l>e iidlmmced 
in it special fashion, in natural immunity tlie ])hag(a*yt(\s exhibit a 
positivi' chemiutaxis and this form of seiisitivem.'ss is a condition 
indis|)eiis[d)lc to a stab' of immunity and to the dise.i)peai-ance of 
the micro-oi'ganisms. 

In mv eighth leclure <>]i inflammation 1 have alrornly set forth the 
fundamentid facts n|)on whicli rests the doctrine of tlie cliemiofcaxis 
of leucocytes. During the last ten years immerons data corrobo- 
rating these residts, obtained first by Ijehei’, ^lassart, and Charles 
Bordet, and since coniirmed by numerous otlior observers, have been 
accumulated. 

In the n'sorption of blood corj)us( k\s and of animal cell^ in 
g( iicral, it is espcciidly the Tuacrophages w hich intervene, but in 
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nntural iiinviuiiity against inicro-organisins jiosifive elKaniofaxis is 
(‘xhibitod by the Miicroj)hages more than by tlu^ inacrojihaaes, [isT] 
When ^ve examine an inflammatory exudation and find a ]>iv]Min 
{leraiujc of micropliages we are satisfied that tIuM-e lias lunat an 
interv'ention of micro-organisms. Even in the exainpio whtae it 
is, at first, jn’incipally tlie macrophages which desti'oy tin' lainvi- 
organisms (as in tlie case of the resistance of Mie animal organism 
against the tulx'rclc laacillusc there is also a gix'at alllnx of mli ro 
phages. The sensitiveness of tlie (wo chief categories of pliagocvics 
oftxai ('xhibits a marked diifia-enee. We n(vd nunx'ly rc'eall lo tlie icadta- 
t!)c example of tlie spirilla, ingested and desti’oyed exclusively by (lie 
macrophages of the guinea j>ig. which alone i^vhibit the necessary po>i- 
(i>e chemiolaxis. In ]nan> (dher examphs of natrnal iinmiinitv the 
pari playial by the maero|)hages is masked lo (hat of tlu‘ ]nie]*o|»!iages. 

In natural immunity thenioiih^ ]>hagoeyl<‘s. havifig e(ane ni» to (he 
i!i\ad(‘is, iK'j'form a second ])hysiological fiuu'tion ; they ingest the 
]iii<To-org;uii.-nis. Sometimes ilna han'oeytes de\'our at oth‘ swoo]) 
whole masse- of tliesc oigairisins, and carry oii(; their work in a very 
short lime, in otlu'r eases, especially when actively motile micro- 
rrrgaiiisms, sndi as tin* spirilla, of < >bermeyer or of SacharoU* have 
to Im.‘ dealt with, the ingestion takes placo with more dillii'uity and 
rerpiires special eonditions. Tims, in order to ing(*st a si>irillum, 
i!i(' maero]>hagcs of the guinea jiig throw out long* conie.d processes. 
-Vcvej* in (In' ingeslion of micro- organisms have L ol»s(‘rvc(l methods 
romparable t<> that In Mhivli the maeropliages seize upon tin* reil 
t'or]uiscles. of birds or upon other animal cells. 

Some oi)s(‘!'vers have expr(‘sscd the opinion that mi(*n>-organisnrs 
make their Avay into the (*c‘lls spontaueonsly and do not tjeed to be 
drawn in b\ means of |n'o!:opla>mie processes throwai out bv (lie 
]>hago(*ytes. It is of course indispulalde that (*('r(ain micr(» aa ganisms 
may pass into the interior of the cell indr'iiendently of any nvt of 
pliagocytosis. Such is the ease witli the malaria parasite and allied 
• pecies winch make their way into the rc<l bioo<l coi*puselcs. |kit 
i)cre we are dealing with amoeboid organisms, (piite capable of 
})erfbrating the wall of the red blood eor{>nsclc by means of their 
own psendo])odiM. Bacteria, whir*h tlo not |>ossess amoeboid mov< 
ments, are deprived of (his j)ower of invasion. Tlnae ar<*, however, 
very rare eases in winch such ])euctratiou docs take place. J'orliss] 
example, Ihzzozero^ has deReril)eil spirilla- in the stomach of the 
^ Arc/t./. niikr. Anat., iioiin, ISO.S, Bd. xlu, H. lifi 
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(loi^; llicse nuiy be found inside e[nthelial cells. But here these 
actively motile ba(‘teria make their way into the interior of vacuoles 
which o|)Oii on the free surfact*. Attracted, pioljably, by the epi- 
thelial secr<dioMs tli(‘ spirilla, first draw near to tiu* cells and then 
tak(' advanta.L'c of small oj>enin<»:s through wliicli liiey pass into the 
secretory vacuole. In almost all cases, however, living and even 
actively motile hacti iaa are incapalile of ])cnetrafing into cells. Thus, 
when we ol)s(‘rv(‘ the spirilla of recurrent fc^ver or of goose septicaemia 
in tlie neighhimihood of leucocytes, we often see tliem exhibit very 
brisk corkscrew movements on the surface of these cells without ever 
being abh^ to invade them. Oii the other han<l, when tlie leucoeytc 
sends out a ]n*oci‘ss towanls the s]>irilliim ingestion rapidly takes 
]>1ace. In anthrax exudations, or in the spleen of animals that have 
suc(Mimbed to anthrax, large numbers of bacilli may oi’ten be ob- 
served in tlie immediate neighliourhood of the leucocytes or of the 
cells of the splenic pulp, without a single^ bacillus being found within 
these cells. Nor do we ever see any bacteria (wiiich dcMclop 
abundantly in a di' 0 |) of exudation withdi’uwn from the organism') 
ifivadc the dead l(nicoeytes, lying alongside tiicm. Whilst on the 
other hand we see the micro-organisms swarming outside the neigle 
bonring lencoeytes and ocenpying the free spares between these 
cells. 

iVlnujuist^ has recently described a method l)y means of wliich 
micro-organisms can be taken into the substance of dead leuco- 
cytes. lie eolUa ts leucocytes from mammalian blood, mixes them 
witli b:i(*teria, and cenirifugalises the mixture for some time, lie 
eonvineed liimself tliat after a not very prolonged eontaet the bacteria 
arc found witliin leucocytes. Here Alimpiist excluded phagocytosis, 
properly so calleil, that is to say, the ingestion of the bacteria by (iie 
active movenuaits of the leueocytes; l)ut lie does not give sullicient 
proof that the eiils, in liis experiments, were actually dead, lie thinks 
that the relatively hov temi»erature (below 15 (^; excluded the 
possibility of amoeboid movement in tlie leucocytes of warm-blooded 
[ISO I animals. I'his argument, liow^cver, does not accord with actual fact, 
for it is iiMlisputai)lc - and we have often convinced ourselves of this — 
tliat the leucocvt(‘s of man an<l warm blooded verteVirates maintained 
at even a lower temperatin'c than 15" are (luitc i‘apab1e of motion 
and of ingesting foreign l)odies. In all cases, the data as a whole, some 

* Ihjif.. isoo. H<1. \xKi. S. :)e 7 . St.‘o review by rodwy.s,sutsky 

ill thevl;v7/. rrrsy'i.'i St I’etersl)., t. Viir, p. 2, ">7. 
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of wliicli we liave eite<l above, leave no doubt that tlio ingestion of 
inicro-organisins unprovided with amoeboid powers ndvcs place bv 
means of active movements of the living i)rot()j>lasm of tlu' leueoevtes. 
I'o dissipate any remaining doubt on the pai't of the reader 1 need 
only recall llordet’s investigathms. cite<l in the preceding eha])tei\ of t he 
ludiavionr of leucocytes in the j»eritoneal cavity of guinea j>igs inocu 
lated with strejdococci atul PntfrHs bacilli, The hMicocytes oj' the 
peritoneal cavity ;dIow tlie virulent streplocwci to dtoelop bvr'ly, nut 
ingesting a singli‘ one, whilst the Prutcas bacilli, injtated later, are 
(juickly devoured and at the eml of a, very short time are all found 
in the substance of these same ]diagocvtes. This evainplo, so deT)ion- 
sti'ative, of tlie cluaniotaxis ']K)sitive as regards liffrillns proirns and 
negativ(' as regards the stre])toeoeeus;, is at the same time the best 
])roof of the fact that the ingc‘stion of the niiero-orgatusms is a vital, 
]>hysiologieal act and not merely a sim]>le phemnnenon of mecdianical 
penetration of micro organisms into tlie soft [irotoplasm of the 
leucocytes. 

It was formeily tliought that hMicocytes, charged with micro- 
organisms, pj’ovide the latter witli a giaxl eiilturt^ nuMlimn and scawo 
also as vehicles of transport for them from one jilaee to anothiM* in 
the living organism, fins view has often been atlirined without any 
jnoof whatever lieing given of it. It lias now lieim demonstrated 
to be (M’roneous. The micro-organisms, uith some rare exeejd.ions, 
tind within tlie leucoeytes a very unfavourable medium. I Usually 
they ])erish there, or, in the case of very resistant rniero-organisms, 
such as the tubercle bacilli in refractory animals oi- the endospores of 
r< rtain bacteria, without lieiug aetually destroyeil, tliey are prevented 
tVum g<'rminating and multiplying. 

Later, another view has been atlvaneed that phagoeyP^s are 
<apable of ingesting only those micro-organisms that have bemi 
]>revioiisly killeil l)v some substance M’hich is found ontside tlie 
def<Misivc cells. This view is (piitc as erroneous as tli(‘. one we liave 
just analysed. The phagoeytes are perfectly capable of siMzing and 
devouring living micro organisms. We ha ve only to recall on this jioint 
the facts cited in the (ireccding chapter on the subject of living j 
bacteria ingested by the leucoeytes of various animals^ or the history 
of the very active spirilla which retain their motility u[) to the moment 
Avhen they liccome eomjiletely enelosed In the; |>rotoplasmi<‘ processes 
of the lencocvtcs of the guinca pig. < )l>servations iu vitro have, a- 
idready described in the same cliajiter, alfordcd a demonstration of the 

1 ::^ 
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iii^ustion of livinj; flagellated Infusoria by the leucocytes of refnictory 
aiurrials. 

These facts, fairly iiuineroiis in tlienis(‘1vcs, are not, however, the 
only ones that rni^ht be cited in favour of the fundamental thesis tliat 
pliagocytes jm.^ssoss all the means for incorporating* livim>‘ micro- 
orj»anisms. In my first works on ]>ha.irocytosis I cited tlie example of 
amoeboid cells, in the Invertelrrata, containing: motile bacteria S and 
that of leuco<*ytes of the frouc chareod with motile bacilli - of an 
artificial se{di(!aemia. Since then the iiundxa* of similar cases has 
in(‘reastMl considerably. Xothinic is easier tiian to ol)serve the phai^o- 
cy tosis of living; mici*oa)r,i»anisins ut vitro. Take a droj) of frou'V lympli 
and add to it a few rif the liori/li pfforjftnu i , Ave soon observe the 
strim'L;le between the Ieuco(*ytes and tlie very motile liacderia, and 
inside the diu'estivc vacuoles bacilli execulimj;* very t)ronounce(l and 
active mov(‘meiits. 

Tlie same result may l»e obtaiiUMl by aiiotlier rnelhod, by Avhich at 
tlie sainc time Ave ^^atlier inlVn-ination as to the viruleiiee of the micro- 
organisms inu'cstcMl l)y the jdia^ocytes. The vioAV lias often Ixani 
exiiressed that phai^ocytes seize only those baeferia lhat l ave been 
deprived of their virulence liy a previous action of tlie liuids of 
the animal organism ; eonsei|uently search has been made for some 
attenuating' property of these fliuds. We have already an^weird this 
objection in the ])rcvious chapter by the cifution of cases in which 
thc‘ exudations of refractory animals, containing;’ oidy micro-oreauisms 
ingested by tlie iihagocwtcs, Avere, nevertlielcss, vei-y virulent for sns- 
ceptiblo animals. Tliis (juestitm lias been especially discussed in 
relation to the anthrax of fi’Ogs, on whicli subject several investigations 
haA*e been <‘arried out, the result of Avliich is comjdctoly eonvincing. 
Baeilli ingested by the leucocytes of these iJatrachians retain their 
full virulence for a long time. Exudations whicli contain only intra- 
[I9T| idiagocytic bacilli, the maj(»rity of wliich have already lost tlieir normal 
staining by aniline dyes, produce fatal anthrax in susceptible animals, 
sucli as the mouse and the guinea pig, jMesnil lias demonstrated 
the same fact by using the exudations of fresh-Avater lislies that arc 
refractory to anthrax. The same rule aiiplies eijnally to the exuda- 
tions olMogs and foAvls that liax^c been inoculated with tlic liaeillns. 

Long before those exiieriments on anthrax were made, I*asteui’" 

^ Ayh, <t. A, Intif. (1. l'nh\ Wlcn^ lss:i, tom. A^, S. itlO. 

- Bi{>L Centmibc, Krlaiigeii, in, iS. .*>(>2. 

Coiitjff. rernl. ylrtn/. d. a*/;., pjiris, IbSO, t. xc, p. 0o2. 
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had sliowii that the virus of fowl cholera, wliicli in the g\iineM-i)ig’ 
sets up a mild aftectiou and gives rise to the torination of al)scesses, 
retains its virulence for a considerable time in the ]>us of these ab- 
scesses. Wdieii he injected rabbits with a small <{nantity of L'liinea- 
pig s piis developed at tlie point of inoculation of the coceo-lKieillus 
of fowl cholera, the animals succumbed to a generalised and rapid 
infection. The conviction has since been arrived at tliat, in t!ie 
guinea-pig, these miero-organisms readily become the ]U’ey of the 
leucocytes that are present in the exudations. 

The rule, therefore, is general that in animals endowed with 
jiatural immunity the jihagocytes seize and ingest even living micro- 
organisms that have retained their initial virulence. 

Once within tlic i)hag()cvtes, the micro-organisms are surrounded 
I)v a clear whi(h accumulates in vacuoles, or they arc lodged 

directly in the ))i<)to])lasm. In both cases the micro-organisms are 
subjecicd to a digestive action which usually dissolves them coni- 
plctely. It is not always easy to form an idea of the conditions under 
which the intrac'cllulai* dig(‘stion takes place. At first^ I used a weak 
solution of vesuvin for the |mr[M)se of gaining some idea as to the 
condition of the micro-organisms that have been ingested by the leu- 
<*o('vfes and (lemonstrated tliat tlic living bacteria remain unstained 
in tins solution, whilst the dead liacteria take on a, somewhat <l<X'‘p 
brown stain. Thanks to this reai’tion I ^vas able to furnish one of the 
[H'oofs of the fact that in immunised animals ingest, ( m 1 bacter‘ia are 
killed in^i^lc tlic phagocy tes. I’he use of Ehrlich s neutral red (AV/(- 
tivlroth) gives us furthei* valuable imlications. 1’his colour, c|uitc 
innocuous for living elements, is an excellent indicator of acid or 
alkaline reaction, riato", in Ureslau, has carried out numerous j ll)2j 
jesearches on the >taining of micro-organisms l)y a weak acjneons 
solution (] 7,, ) ^>f sliown that '‘ free’ micro- 

organisms remain alive in this solution without taking on any tinge 
of colour, (hi the other hand,* the same mici'o-orgauisms, wlicn 
ingested by the pliagocytes, arc stained brownislered. .Most of these 
stained organisms no Jouger exhibit any sign of vitality ; but amoijgst 
those Avithin tlie pliagocytes are some whieli, in spite of Ixhng d<H‘pl> 
stained, are certainly alive. Elato insists on the fact tliat ingested 
micro-organisms remain stained as long as the phagocvtcs ai(‘ 
alive, for, sliortly after the death of these cells, decoloration of the 

^ Ain/. d<' r/naf. Paris, ISS7, t. i, ]>• 
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:iaicro-br;g^uusras and of the iatracellular granules takes place. Wheii | 
neutral red is added to an exudation in which the leucocytes ar©| 
dead, the staining of the ingested micro-organisms— dead or living-^ 

does not take place. I have myself verified ■ 
these observations, and HimmelS who has : 
carried out an elaborate investigation on 
this subject in my laboratory, has con- 
firmed them in numerous cases. In the 
third and fourth chaptere of this work I 
have already brought forward arguments 
in favour of the view that the staining of 
the ingested elements indicates a feebly 
acid reaction inside the phagocytes. Some- 
times this reaction manifests itself in the 
digestive vacuoles ; in other cases it is ex- 
hibited only in the micro-organisms directly 
lodged in the protoplasm (Fig. 38). Whilst 
the phagocyte is still living the acid juice 
which fills the vacuoles or permeates the 
ingested organisms does not mix with the 
protoplasm which is always alkaline. But 
Fio. 38.— Peritoneal macro- shortly after the death of the phagocytes 

phage of gninea-pig that mixture is effected without difficulty, 

C 193 ] stoned Mid the alkalinity of the protoplasm is then 

tntra with neutral amply Sufficient to neutralise or even render 

alkaline the feebly acid juices. This in- 
terpretation of the facts is in complete 
harmony with all the data, collected up to the present, on the staining 
by neutral red of phagocytised micro-organisms. 

All ingested bacteria do not, however, stain in the way we have 
indicated. Tubercle bacilli, even in cases of natural immunity, 
remain unstained inside the phagocytes or take on only a very slight 
straw-yellow tint Himmel made this observation on the bacilli of 
avian tuberculosis that hail been ingested by the peritoneal leuco- 
cytes of the guinea-pig, a species resistant to this micro-organism. 
It might be thought that such a resistant membrane as that of the 
i tubercle bacillus, with its waxy layer, would prevent the penetration 
of the acid leucocytic juice; but several bacilli which resist de- 
coloratioDi by acids, as do the tubercle bacilli, notably the bacilli 
* 4n«. da P/nif. Paris, 190J, t XV, p. 928. 
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of Moollor ami tlicir allies, are stained a briglit red l>y neutral red 
as soon as they are ini^ested by the phai^ocytes. It is, therelbre, 
more ju’obable tijat, in the CJtse of true tubercle bacilli, tlm reaction 
in the cells is no longer acid, but allvaliue. This conclusion is coio 
jhaued by ^vhat is observed in the giant cells uf the Algerian m'rlvil 
( J/cy/oy/c.s sh((trn)^ a sjjecies of rodent which evhibits a gr(‘at nauiral 
rcsist:i]ice against the bacillus of human tuberculosis^ The bacilli, 
ingested by tiiese phagocytes, seei'ete a series of concentric inembranes 
Avluch become impregnated with phospliatc of lime (Fig. 5). 'fhe 
])rocess causes the death of the bacilli, of whieli there remain only 
tlie ealcified membrant's. The pn'eipitation of the lime salt aiound 
bacillary membranes itself indicates the alkaline reaction of the 
medium. The use of certain staining substances fully confirms this 
conclusion. Thus^ v.ith alizarin sulpho acid the giant cells stain dee]> 
violet, this affords clear pixa/f of a very distinct alkaline remdion. 

We arrive tia'ii at the general conclusion that phagoeytic digestion 
usually takes ])levce in a medium weakly acid, but that it can also go 
on in an alkaline medium. It is inij possible, in the j>resent state of 
our knowledge, to <lefme the natuia? of the acid secreted by the 
lhagocytes. I(. Kossei'^ has expressed the view that tiui intracellular 
digestion of micro organisms is elfecled by tiu? nucleic acid, secreled | lU!] 
In tlie cell nucleus and accumulated in the vacuoles of the contents 
of the phagocytes, lie has brought forward in sup[M)rt of this \ i(uv 
the fact that nueleie acid is distiiutly baetericidal, killing certain 
patiiogenic miero-orgaiiisuis, and giving a piVM'ipitate composed of 
albumen and nueleie acid. I^ater A. Kossel pointed out the |>reseuce 
in tlicse formed elements of albuminoid sul»slam(‘s whicli have 
an alkaline reaction but which also <lesti'(jy l>:icteria. Thus he 
has isolated from tlie spermatic fluid of the sturgeon a pnTamiiie, 
‘‘Stiirin,’' whicli, even in very weak solutions, exhiluts a strong 
l>aeterici<lal action on the tV|)hoid bacillus, staj>hyIococ(*us, etc. It 
is possil)lc that these substauces jihiy a part in intracellular digestiom 
On the other hand, however, wo must regard it as well establi^lied 
that in jdiagocytes there is a soluble ferment which kills and 
digests micro organisms. We have already seen, in connection w ii h 
tlie resorption of anim.d cells, that it is the ferment alexine, or eytase, 
whicli plays the principal part in the digestive function. We mn-t 

‘ sur I:i (.'oinpjmk* dc flnfluimnuLiuii,'' Can's, i-irJ, [). J.'/'i; 
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DOW imk ourselves wliethcr tlie same siibstance acts also on micro- 
organisms. 

For more tlum fifteen years a study of the bactericidal power of 
the blood and other Iluids drawn from tlie animal organism has 
been carried o»i. Ihiscd on the not very ilefinite results of Traube 
and (fscheidlen^, Fodor- drew attention to the pro])erty of the de- 
librinated blood of the rabbit to destroy the bacteria sown in it 
Under the inspiration of Fliiggo ’, Xuttall^ carried out a whole scries 
of experiments on this bactericidal pioiierty of defdn'inated raldnts 
blood, of the aijiieous liumour, and of some otlier fluids. After 
confirming Fodor's general result, Nutlall went fm ther and showed 
that the bactericidal power of the fluirls is due to a substance of 
umletermined nature which is destroyed by healing to 55'" 0. for 
one hour. This discovery was confirmed liy a large numlier of 
observei’s, and soon became an acceiited fact. 

Fliigge now considered that he could base a theory of immunity 
on the presence of the bacteriiaMal substance of the bo^ly thiids. 
FoiuilumF and his school adojited and developed this viiuv, especially 
with reference to researclies on tin? micaobicidal power of blood 
serum. ]hiehner'‘‘ soon came forward as the chief advocate of this 
theory, and eiiriehed it liy immerous investigations earrie<l out by 
himself or along with collaborators in Ids school at Ahmich. It is t() 
him tliat we owe (he suggestion of the term fproleclive 

substance) to designate the baeterieidal snlistanee of blood serum 
and otlier fhdds of the animal organism which are eajiable of 
killing mienvorganisms. Bueliner determined the conditions under 
winch alexine ads best as a baderial |)oison and developed the 
liumoral theory of natural immunity, according to which the latter 
is reduced to the bactericidal lu’operty oF the body iluids. 

As the postulates of this theory are often not in accord with the 
real facts, as laibarsclr, especially, has demonstrated in many of his 

^ Jf(/n'>'sh. it st’ffli'K. (t'Hi IL'irJt. f. niterl. Cuffur, P>rrs];iu, IS71. 
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papers, expressed the opinion tlnit a portion at least of the bacteri- 
cidal |)o\ver might come from sul)staiices that had escu|)od from the 
leucocytes during the preparation of the defibrinatcd blood and of 
the blood scrum. This liy[)Othesis remained foi‘ vsevei’al years un- 
noticed, but later several observers Ijave, quite inde])eiulentlN , arrived 
at the conclusion that alexinc is nothing but a leucocytic ])roduct. 
Denys and Ilavet'^ were the first to show that exudalii)ns rich in 
white cor[)Usclcs exhibited a bactericidal power much higher than tliut 
of the corres})onding bhxxl serums. Shortly afterwards 11 . Buchner' 
sliowed the same thing on comparing the bacterieiilal power of 
exudations rich in leucocytes with the l)h)od serum of the same 
animals. As this property disappeared from both fluids after tliey 
had been healed to 5o C., Iluchncr comduded that the bacterb 
cidal substance of tlic exudations must be identical with the alexino 
of tlic blood sta'um. Several other otiservers, amongst whotn Bail, 
Hchattenfroh, JacoV) and Liiwit, may be eitetl, ol>lained ivsults more 
or less in accord with the above, though ()]>t:iiiicd by different 
methods, so that it has now for some time conic to be recognised 
that tlie leucocytic origin of the alexiiies is giMierally ac(?(‘ptcd, 
esi)eciall\ since Jules Bordet^ in an investigation carried out in my [mo] 
laboralorv, arrived at tlie same result from various very demon- 
strative e.\}yenm(‘iiis. 

Nevcrthcl(‘ss several authoritative voices have been raised against 
this interprotation of the r«u:ts. ]{. Bfciffcr csj^ccialh, with hisscliool, 
lias pronounced against the lencocytic origin of the bactericidal sub- 
stance found in the blood scrum. Bfeiffcr and Marx"^ and Moxter'' 
liave insisted on tlie fact tliat the fluids of exudations rich in leiuar- 
cytes arc often much less bactericidal than is the serum of tlie Wood 
of the sanu‘ animals. 

For some; years, sti'uck by the marked difference between the 
phagocytic fmiction of the macrojJiagcs and that of the inicrophagcs, 

1 have thought that the contradictory results of the oliservers cited 
might be explained by some diffei'cnce in the nature of the ]eucoeyt(;s 
of the various exudations ami of the blood which served for the 

^ Jua. de rfnst^ P^f.dear, Furii?, ISSi), t. iir, p. 070. 

‘ fAt (A'llnlv^ fj'(;rre t;t [.ouvaiu, isjci, t. X, p. 7. 

MnnchAu. nud. ]Vclinscln\, ISag S. 717- 
^ Ann. da rin,d, Pnsiaur, Furis, IS9~», t. i.v, [►. 102. 

^ Zht:Jn\j\ Ifffi/., iv<‘ipzi^, 1S08, BJ. xwu, S, 272. 
iMul sake mad. IPchnachr.j Leipzig, J soa, S. (is7. 
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{)rei)JUTitioTi of tlie soniiii?^. 1 therefore asked Genii^oii to dc\'ote lu,s 
attention to tins particular point and to eoinpaie the bactericidal 
jiower of exudations, ricli in mi crop! i ages, uitli tliat of others con- 
taining many niacropliages and also with tlie 1)1o(mI serum of the 
same animals. Gengou^ lias carried out his experiments with remark- 
able exactm'ss and care, and as 1 have followed them closely I am in 
a position to speak as to tiieir extreme aecura(*y. 

In order to obtain exudations very ri(‘h in mici‘o])liages Gengou 
injected gluten-casein by linchners method into the plearal cavity 
of dogs and rabViits. Usually at the eml of 21 hours he was able to 
c<>llect a largo (|nantitv of fluid containing nniiKToiis leucocytes, almost 
exclusively Tiiicrophages. To obtain ma<a*ophagie exudations ( iengou 
injectcid washed red blood (‘orpnseles of the guinea jiig into the pleural 
cavity of Ids animals ; two days afterwards he withdrew from the 
pleural cavity a very viscid Iluid, containing, as regards foi-mcd 
(‘lements, macrojiliages almost exehisiv(‘ly. After isolation of the 
leucocytes by centrifugalisation of the exudations, Oengou washed 
the cells with jihysiologica) salt solution and then added to them 
an ecpial volume of broth. This mixture was frozen by Bnehner’s 
method, and was then submitted to a- tcmi)erat\irc of :17 (k Under 
[H)7] these conditions the lencoeytes, killed by cold, gave nj) to the thud 
their baetericidal snl)stanee. 

Studied ill tins way, the bactericidal power of the extract of micro- 
[iliages showed itself always sn|)erior to that of the correspumting 
blood serum. The greatest ditlerence was observial in the dog, 
where, as already mentioned in the pi’ceeding chapter, tlu^ serum 
of the blood has no baett*ri(‘idal property as regards tlie anthrax 
bacillus, wlvilst tlu* exliact of microphages manifests this projicrty 
very strongly. 11ie inicrophagic extract of the exudation.' (4' rabbits 
was more active in the destruction of the bacilli of anthrax and 
typhoid, />/ov7//^N’ roh' and the cholera vilirio, than was the blood sermn. 

The result of Mu se e\{)crimeiits leaves no room for doubt The 
inicro[)hages, colleetod in the asejitic exudations of the dog and 
rabbit, contain more liactei'icidal substance than does the blood 
senaun of the same animals. Nor can there be a doulit that this 
bactericidal substance is the same whether it ajijiears in the miero- 
phagos or in the blood serum : in lioth cases it is destrovial by heating 
to a.’)' 0. and, in all oilier resjiects, it behaves in the same manner. 


^ AitN. t/r Turis, lIMM, t. XV, p. fJS. 
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Tlu‘ expcrinients of ({eii;L;*()U with the extracts of niaeruplia,i;es 
liavc demonstrated^ on the otlier iiaiid, that this lltiid exerts no 
baetcM-ieidal power. Let it be understood at tlu‘ outset that tins 
fact is in no way an indication of the absence of the baelerieidtd 
ferment in the niaeropluie:es. Direct examination of the plu uoniena 
whieli are manifested inside these cells demonstrates most clearly that 
the macroj)ha;j:es kill and digest micro-oryanisms. But tliis process 
usually ^oes on mueli more slowly in the macro] )h ages than in the 
micro])hag(‘s, oAving p)()bably in the former to the presence of a 
smallei* quantity of the bacterichlal substance. Under thest^ camditions 
we can readily understand tliat this substance does not ])asSj or ]»a^>ses 
(Mily in small amount, into the extracts. There is nothing remark- 
able in tlu‘ fact that, with so impejlect a method of ))iej)aring the 
extracts, tlu' greater part of the 1)actericidal s!ib->tanee shoidd remain 
in the bodies of the ccdls. 

The facts Just set forih afford a sutlicicmt explaiiafion of tin' marked 
difference in the residts obtained by various observers as to tlie 
l>actericida! ])Ower of the exudations. When the latti'r are rich in 
micro])hages, the baideiicidai jiroperty is very marked : when, on 
llu! otlnu* hand, the exudations contain a large numlM*r of maero- 
plaiges, the bacterieidjd |)OWt'r may be very weak or even uiL 

The ex]>(‘riments al)ovi? snmmaiased confirm the conclusion thatriosj 
tin* mierophagos must be regarfhal as tlie source? of the baebaaeidal 
^ub-tance of the* body llui<ls. But here arises the <|uestion : Do the 
mierojdiages secrete tlie substance during life, giving it uj) to tlie 
blood ])lasma, oi- do('s this substance escape ojdy after the death of th(‘ 
ieucoevtes and the damaging of the colls, due to various external 
causes ? We here touch on a jiroblem Avhich has l)een tin? sidiject 
of mueh discussion and one of very great importance in connection 
Avith the question of Immnnity in general. 

After the diseo\ery of the liaetericidal powc.'r of scrums, several 
investigators set to Avork in seaiAh of the somre of the bactericidal 
substance. Hankin’, and shortly afterAvanls Kanthack and Hardy ", ex 
pressed the view that this substanee is the secretion- prod net of the 
eosinoidnle leucocytes Avliieh would thus ap|)ear to be a kind of motih? 
unicellular glands. This theory could not be su]>ported by solid 

1 (yrnfrnlhL f. lUd'teriol, u. Pani.^ftpRl:., Jenig ls!V2, IM. xif, SS. 777, SO!) ; iS'*.!, 

T>»1 xiv, S. .S;">2. 

Pr<u\ Ray, S'K\ LotuhiN, 1 89*2, Vol. Lii, p, 2G7 ; Phil, LotiilotJ, 1891, 

(l>) Vol. is,"), pc T, p. 279. 
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arguments and nmst be regarded as generally abandoned, because 
it is now completely out of accord with well-established facts. Thus, 
various osseous fishes, in spite of the total absence of eosinophile 
or pseudo-eosinophile g]*anules are none the less capable, thanks to 
their leucocytes, of destroying a large number of pathogenic micro- 
organisms i Mesnil, /. c. '. 

A similar theory was enunciated by IJ. Buclmcr^, tliongli lie holds 
that it is not the eosinoidiile leuc()cyt(^s only that secrete the bacteri- 
cidal substance, but tlie leucocytes in general, lieing attracted to 
the point nienace<l by the micro-organ isms, these cells siicrete 
tlicir l>actericidal ])rorluet, which diffuses into and along witli the 
jdasnia of the exudations and of the blood. In these fluids the 
micro-organisms undergo a. more or less com[>lete destruction, or 
at l(*ast sevei‘0 injury wliicli renders them more susceptible to the 
attack of the pliagiH-ytes. At the hiternational Congress of Hygiene, 
held at lludapcst in IHOl, Buchner ])roclainuMl t he tliesis that the 
leucocytes fulfil an imjxjrtant function in the natural defence of the 
organism,.. by means of soluble substances which tluw sccicte. ' 
Later, his [uipils, ITalin" and ScliatteulVolr’, endeavoured to su|)port 
[lOOjthis tlieory by exact experiments, but they found it impossible to do 
this at all satisfactorily. Later, anotlier of Buchner's ])ui)ils, Lascht- 
schenlvO\ published a paper in whicli ho maintains that lie has found a 
eonvineing argument. It is as follows. A blood serum, by itself void 
(»f l)aeterieidal pj-operty, some minutes after white eorpnseles from 
another species of mammal have been added to it acjjuires this pro- 
perty. Thus the i‘al)l)it’s leucocytes a<lded to dog's serum imme- 
diately give to it the 1)aetcrieidal |iower, so long as a large number 
of colls remain ;dive and motile. But when the leueocytes of the 
same species arc addtnl to i*abbits sei'iim the fluid bi'comes no more 
bacterieidal tlum before. The same result may bo obtained by mixing 
rabbits’ hmcax'ytes witli the blooil serum of the horse, pig and other 
species. Laschtsclienko conclmles from tliese oViservations fliat the 
vital secretion of the bactericidal siilistancc by the leiuroiytcs of the 
rabbit takes place Avhen they are irritated hy the serum of a dilfeiiait 
si>ecies. As an aualogous effect lias been observed Avith mixtures of 

' mcd. Wchnsrhr., 1S94, S. 717 imd 1807, S. 1320. 

Arrh. /. ////<;., Miinolien ii. Leipzig, 1895, l>L xxv, 8. 105; 1897, Ikl xxvfir, 
8. 312. /k'v7, /a hi. lih'fiN.srUr., 1S9I>, 8. 86L 

Arrh. /. Miliiclioii u. Leipzig., 1897, xxxt, p. 1; Jnl. X.WV’, 

8. 135. inu'}i>‘ii . inv.d. Wchnachr., ISOS, 8S. 3.’)3, 11 OJ). 

^ Arch.j\ Utf'J i Muiielicu 11 . Leipzig, 1900, Lit xxxvir, 8. 290. 
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rabbits’ loucocvtos with the serinn of a (liUereTit siucits lieated to 

C., l.asditseheiiko believes liimself safe Iroiu the objei iion that the 
oivinir 11]) of tlie liaetericidal substance results Iroin li)e death or 
i])jury of the Avhito cor|>uscles. According to liiin this injuiious 
clfcct on tlie white coi-pusides can only 1)0 produced by an uuslable 
substance which is destroyed by heating to ()(>' ( ‘. Lase]i(si‘heuko 
foigets that the leucocytes are in general delicate cc‘lls, ca]>able of 
being alfected even by fluids which do not actually kill them. Now 
wo know that serums, when heated to still retain tlieir jMovt r 

of agglutinating the leucocytes, a power wJiich must liainper these 
cells in their normal function. 

da’ommsdortP, in an investigation carried out in IVuclmcrs labo 
ratoi'V, endeavoured to su])|)lement l.aschtschenko’s results and to 
snp))ort tl»em by new and more convincing e\|>m‘imenfs. l>ut lu^ 
only succeeded in a few cases in obtaining a baetei ieidal serum jdter 
adding rabla'ts’ leneocytes to the blood sermu of otlier animals. 

'‘ In a great nnmlxa' of my e\j)eriments/’ says 1 rommsdoi'il* ‘’’1 
veiT often did not sueeeed in extracting the alexines from the 
rabbit's leneocytes by the use of J.aschtschenko’s method ’’ (p. 

<hi the other hand, dVommsdorfl* wishing to establish the living 
condition of the h'ucoevtos mixed with a foreign scrum, arrived at 
tlie following result: ‘'In tlie majority of the eases, as in fresh 
exudations, tlie number of living haieoeytes after their treat- [-^ool 
ment with aetive liorscs serum, as well us with inactive serum 
(heated to (hr C.) of dog, ox and horse, varied betw(*eii ()(> and 
bo ' (j). b91\ In s{)ite of these verifications, Trommsdorlf conus 

to the conelusion that the presence of alexino in those serums to 
Avhich leneocytes had been added, must "in all pndiability be 
attrilnited to its secretion by the living leucocyti‘S. ^Ve ]‘(\gard it 
as much more probable that the ah'xiue, in those cases where it 
jKissed into the serum, wms due to the lireaking up of the dead 
leucocytes, whose numbers rose to 10 % that is to say, almost 
lialf their total number. Our conclusioii is, iii any ease, mueli 
more in accord witli tlie more constant and more exact results 
olitaiiied by other methods. 

hi spite of the insuthcieiu-y of proofs in favour of tlie theory of 
l)acierici<lal secretions by the leucocytes it has been vci‘y favourably 
received liy many investigators. As, however, it came into collision 
with tlie general fiict tliat, in tlie refractory animal, tlie inicro- 
1 ArcJt.f. Mrinchen ii. Leipzig’, .1*101, lid. xl, 8. a8’2. 
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orj^^iinifiins remain alive in the plajsmas of the exudations ami are, in 
tills condition, iii>:^ested liy the phagocytes, it was therefore very ini- 
portant that this fundamental contradiction should he settled by 
decisive exjK'riments. The attempt has often bec'u made to obtain 
blood plasma and to compare its bactericidal action with tliat of 
serum from tlie same animal. In tlie preceding chapter wc have already 
mentioned an attenijit in this direction made by .Sawtclu'nlio. Halin' 
luul previously attempted toiirejiare plasma by adding histon to blood. 
As this “jilasma” was found to be just as bactericidal as tlie idood 
serum Hahn concluded that the bactericidal substance, secreted liy 
tile living leucocytes, circulates in the living Iilood. Jn all the e.v])eri- 
ments carried out by this methoil it was inipossibh; to avoid certain 
soul CCS of ei ror, and in my laboratory Oengou" undertook a new 
series of rescatrehes, tlt'iliYiviiuring^^^^^^^^ blood a fluid re- 

inblin,.,^ plasma as closidy as possible. The method he 

eniplmi'.,^ has been describeil in detail in a memoir, on an aiiti 
J*.!i;,gulating serum, which he imblished along with llordct’. The 
olood was drawn into iiarailined tubes and centrifugaliscd at once 
in otlier tubes whose walls were likewise eoveri'd with a layer of 
[•All] I'io-afrm. The fiuiil thus jirepared is certainly more allied to circu- 
lating plasma than is the blood serum obtained after the coagulation 
of the blood. Nevertheless, it is still far from iHiing identical with 
true normal plasma ; it still coagulates, though tardily, (iengou 
compared, iu their liactericidal action, the blood serum and the serum, 
decanted after the tardy coagulation of the fluid analogous to 
])lasuia. He carried out a great number of experiments with the 
two tluids, oVitained from dogs, rabbits and rats, making a comparative 
study of their bactericidal power as regards the anthrax bacillus, the 
tyi>hoid bacillus, and the cholera vibrio. 1 have closely followed all 
these experiments and can confirm the results ilcscribed by Hengou, 
namel}', that the fluid, in this plasma serum, possesses an insignificant 
bactericidal ])ower or none at all, whilst the lilood serum almost 
always exhibits this jiroperty to a marked degree. 

As a result of the researches just summarised it is no longer 
possible to maintain the theory of bactericidal secretions by leuco- 
cytes or liy any other category of cells. The liactericidal sidistance 

^ An'h. f. Jh/(f , Munt'lioii u. ^Hipzi]L^ BviLldni, Wrlutst hr., 

S. S«iL 

■' .Itut.dt’ r/its/. Taris, t. w, p. 

fbht. \h ] 2 !». 
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<l()es iu)t circxilate hi the hlood jila.sina nor in that of tlic exudations, 
and this is a sullieicnt reason for refusing to it the title ef seerotion- 
jiroduet. Its pi-escuce in the blood seiaiin is due, like that of the 
fibrin-fennent, to the destruction or more or less grave injtirv of 
the ]>lKigocytos. 

TJiis fact, n|)on wliicli mc must insist most strongly, is in hat con- 
tradiction to the view recently formulated by Wassermann'. In a \\(nk 
devoted to natural immunity against micro-organisms, this aniliov 
(lescribes how he submits Ids aidmals ( guinea-jngs) to the action of an 
anticytase ' or anli-alexinc) senim whose ]>re|)aration, described in t he 
iiftli chapter of this work, offers no dilliculties. l/nder the influence ot 
this senim, the gidnea-pigs, into tlie ])eritoneal cavily of whieli a strong 
<loseof tyj)hoid eocco-bacilli is inoculated, die from infection, whilst tlie 
cuntrol animals, inoculated in a similar manner, but wliicli have re 
ceived in addition some normal rabbit's serum, heated to 00’’ ( I., entirely 
the infection. Wassm-mann concludes that the first scries of 
guinea-pigs suceiimbed because of the im))ossibility of lighting agairist 
llie typhoid bacillus by means of the free eytase, this lieing iiciitralise<l 
by the anticytase serum. The fact pointed out by Wassei’inann is 
]K.'rfeetly accurately stated and has been confii'ined by Hcsiedka.’^, in 
an investigation carried onf in my laboratory. Xevcrtheless, it is 
impossilile to accejit AVassermann’s view as to the [lart played by 
anticytase in his exjxa’iineut. As (*learly demonstrat<Ml by Hesredka, 
the anticytase serum acts not meri‘Iy l»v neutralising the baeterieidal 
ferment, Vvut also by Its other prop(‘rties, especially by one which 
pi-eveiits the stimulation of tlie phagocytes. 

In the struggle of the guinea jiig’s organism agjunst a strong 
dose of typhoid cocco-bacilli (in AVassermanids exjieriments 10 times 
the lethal dose', the free cytaso plays a. part so infinitely sm.all that 
even the injeetion into a guinea pig of a large (juantity of serum TJc-c. i 
from a normal guiuoa-])ig (containing much cytaso) does not j>rev('nt 
tlie death of tlie animal. It is only the blood serum of other spe cies 
' rablnt or ox) that is (?aj>ablc of protecting u gniiica-pig against such 
a large <|uantity of typlioid haealli. 

Wassermann was in eiM-or in snjiposing that his ex})eriment was a 
case of natural iminuidty. It comes entirely within tlie range of the 
]>l)enomena of acepdred immunity. In fact, the natural imnnmitv 
of the gninea-pig is only exhibited against a dost^ lo times less than 

’ Deiflsrhe ]Vrh nsrhr.^ Lcie/iLi', S, -1 

" .inn. (h> I'lnsf. ]*n.</rnr, Paris, liKi], t. xv. -Jc/t 
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llifit omi^loyed hy AVassennium. Consc(jucntly tlic control guinca- 
pigs wliich received Riieh a huge quantity of the typhoid coceo-l)acilli, 
going beyond 40 times tlie limit of their natural iimnunity, require 
to be preserved from (h'atli by the injection of a large fpiantity of 
blood serum heated to OO'O. from the normal rabbit. This serum, 
dcju-ived of its cytase, retains its other ju’operties, by ^vhicli the 
organism of the gninea ])i^^ |)rotits, especially exercising a stimulating 
action on the ])hagoryt(‘S of the guinea-pig. The immunity of Wasser- 
mann ’s eonti*ol animals was, then, really an acfjuired immunity, the 
result of the introduetiou into tlieir organisiri of the stimnlating 
serum of the rablat. For tliis reason an analysis of the work of this 
observ(*r must bi* {lostponerl until we treat of the plu'iiomena of 
acquired immunity under the intluence of noimial serums. 

AVe must, then, juasist in the opinion that the plasmas of the 
normal animal, containing no eytases, cannot ]day a l)aeterieidal ])art 
in natural immunity, a j)art which devolves upon the cytase contained 
within the phagocyti's. 

I’his rc'sult accords well, also, with the whole of the facts bearing 
on the destruction of micro-organisms in the animal Inxly. The 
transformation into granules of the attenuatcMl cholera vibrios that 
is sometijru's observed in tlie ))eritoueal cavity timing the ])e]‘i()d of 
])hagoIysis and the absence of this transtbrmatio]i under conditions 
wiiei‘e the ])ei’itone;d lencoeyt(‘s ai’c |)rot(‘ettM] against this injury, is 
clearly e\j)laiiaMl. In the lirst cas(‘, FfeiHers ]»henomenon is set up 
by the baeterieidal sidtslanee whicli has esea|>ed fi’om tla* l('ueoeytes 
that have been altered by th<^ foreign substances injected into the 
peritoneal cavity ; in tlie siM*ond ease, this phenomenon is not pi'o- 
(lueed lieeause the leucocytes remain intact. The absimce of this 
granular transformation in tlie anterior chamber of the eye and in 
tlio snlicntaneous tissue is also readily explained by the (act that tlie 
bacteri('idal snbstancv, not being present in the blood jdasma, cannot 
})ass into tlie exudations of the eye and subcutaneous tissuck 

1 first [)jii»or iippearctl a certain bacUTicii.Ial action of the r»(|ueou8 

liuviiour hns bcLMi ohservoU. This fact should ho taken inU) considcratioii in the 
study of Uie tpiestion of the phagocytic origin of tlie hactcricidal suhstanco of the 
body lluids. I r this sidistance really cxmios from the phugocytes, it slniuM not he found 
ill the transparent lupieons hnnionr that contains no, or almost no, leuoocytcs. >«ow 
this tluid sinnetimcs destroys a certain number of micro-organ isnus. This apj^urent 
contrudieli(»n is explaiiKMl by the fact that the baeterieidal action may be exercised 
by all kinds of tluida, sneh as physiological salt solution, nutritive broths, etc. The 
baeterieidal property of the aqueous humour comes into this category, Its aotioii is, 
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Tlie l)actcrk‘i(lal substance, tlien, is cssonliallY some substance 
^vliich remains inside tlie uninjured pbagoevtos in tbe lisiuiv animal 
]>ut Avhicli escapes from these cells Avhen they arc injinoil, either in 
the Inxly of the animal or outside in the blood Avitlnlniuu IVom the 
oritanism. Buchner lias t^iven to this sulistanee the name of alcxine 
and we must noAV determine Avhether this suKstance is the •>am(‘ 
cytase wliich digests the formed (dements on their ivsorptiine 

Since hisln st researches on the power of one normal blood sia uin 
t<) dissolve the red corpuscles of another s]KH*ies, Ihiclmcr^ has main- 
tained the identity of the haemolytic suVistance witli the bactericidal 
substance of the same serum. In liotli cases avc liave to do, accoi^ding 
lo him, with one and the same suhstaiice of an albuminoid nature, 
Avitli the same ^^dexiiie.’' In his later work, Buchner attcmptetl 
to coiifu'm and develo]) tliis thesis, llordid- lias, on several occa- 
sions, b]‘ought foruard arguments in favour of tlie same view : Imt 
against this FJirlieh and Morgcnrotlr^ liave <Ieclared thmnselves. Ae~ 
eording to tliese oViservers a single serum may eontain several 
alexines or “complements/' Tlie same senmi may (,‘ven contain 
iwo com|ilcments, one of which is destroyed by heating to /»/> (/., 
whilst the other, nnuh more* stable as to the action of lieat, r(‘sists 
(his tem])eraturc. In one of their most recent memoirs, Flirlieh 

as a rnlo, iiniclj more fc(‘l*lc than the action of senuiiH iiial exndiit ions and is not 
inodillod \>y litatiiig to o.V ’ 0. In certain jojueous Imniours, a. little cytaS(\ 
or true liin.'tericidal substance, may come into r*lay, for wc find a>|iU'oiis Iiiiukmu'S 
coicjulatc and wliicli, wlien eoutrifn^aliscd, show :i small riojjosit of Ieue(n''ytcs. 
riicse resiills have! lieei\ obtaiiKMl ]»y Mine. Meiclmik'dl. 

It must not l>e forgoUen also that, even in tiie bactericidal action of blood 
scrams, a certain factor is the (;liange of mcdinin which the micro-(»re;a.nism.s vx- 
}>cricnee with the plasinolytic pliemimcna which follow. I>iit it is not possilde to 
ascrihe to this factor the wliole of the hnetcricida! projM rtyof sennas and (!xndal ions, 
as is done l>y naamgarten ' Arh. a. <L Tmrf. zfi TiAthmou^ l I>d. jit, 

IS. 1, and Bc.rl. kiln. WHum'hr.^ ItHM), SS. KJG, jOg I'JJ , and his pnpil.s ,)(‘tU'i’ and AValz 
supported by A. Fischer {/Brhr, f. Lci|»/.ia, Itioo. Ud. axxv . S. I ). 'I’lio idea, of 

reducinir the destruction of bacteria in serums ami e.\udati«>n,s to the etfecd of o.smotie 
pressure has l»een rccontly olaljorately analys(Ml l»y v, Linaolsheim {ZLsrhr, /.’ 

I .eipzig, 1 1)0 1 , Bd. xxxvn. S. 18 ! ). AVith great justness he comes to tla* conclu.^^ion that 
“the existence in extrava-^cnlar blood or in serum, of bactericidal sid)stances acting 
as soluble ferments can now' no longer be denkar’ I'p. KiT . in studying this (jucstion 
we must not lose sight of the fact that these bactericidal 8ul)stanoes ddexirus, 
coiu}>lements, or cytase.s) give rise to the protluction in the animal organi.sm ♦.>!' 
antagonistic substances as descril)CMl by us in the oth < dmpler. 

^ VerlmtiilL d. Corn/res.>\'s/. inn, Alad,., Wiesbaden, 1B02, 8. 278. 

^ Ann, do Vlnal. Pndonr, I’aris, 1000, t. xiv, p. “a7 ; 1001, t xv, j). 812. 

® Bor/, klin. lV(:hni<rhr., 1000, HS. 4e">8, 077. 
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and Morgeiu’oth lay special stress on tlie importance of an experi- 
ment winch has enabled them, by means of filtration, to 8ei)arate 
two complements from the normal serum of the goat, one of them 
attacking the red coi-[msc]cs of the guinea-pig, the other those of tlic 
rabbit. 

Max Neisscr^ has adojded this view of the plurality of alexincs. 
According to Ji'ihrlich and Morgenroth, the same serum may ])oss(‘SS 
several complements which attack tlie red blood corpuscles of various 
species and other com] dements which attack micro-organisms. In 
favour of tliis thesis Xeisser gives a summary of liis experiments on 
the absor|)tion of complements winch, in his ojdnion, prove the 
plurality of alexincs. i>y centrifugalising rabbit’s ])lood s:crum to 
^vhieh he had previously added a certaiji inimljer of antlirax bacilli, 
he obtained a fiuid wliicli no longer destroyed this l)acillus but 
wliicli still dissolved the red corpnsides of goat and sheep, llicre 
are then, according to Neisser, in the normal serum of the ral)bil:, at 
least two dill’eient coniplements ; one for tlie bacilli and one for the 
red corpuscl(‘vS. 

AYith tlie object of explaining the discrepancy between these 
residts and those of liis previous e\j)eriineuts, Jlordet ' undertook 
a new series of researches on the a1)sori)tioii of cytascs. He first 
made it clear that the normal re<l corpuscles, when plunged into a 
normal haemolytic serinii, arc incapable of fixing all tlic cytase. 
AVlieii such a seiaiui is centrifugalised, after a jirolonged contact 
with red corpuscles of a dilferent sjjccics, tlie fiuid no longer dissolves 
normal red coriiusclcs. Dut if these latter be sensibilised by means 
of a siK'cific fixative, the red corpuscles are dissolved in large 
luiinbcrs. It must be admitted that in this experiment we have 
to dt> with a single cytase btaxuise, before ccnlrifugalisation, as after 
it, the red cor|mseles of the same species are added. In the first 
case, however, tliese corpuscles were normal, whilst in the second 
tliey were sensibilised by the fixative. 

When, after the first part of tliis experiment, that is to say, after 
tlie fixrition of a ecrtaiii quantity of cytase by the red corpuscles, we 
eeutrirngalisc tlie mixture and add, not the sensibilised red cor[)iisc]es 
of the s.'uno s[)ecies but the normal red corpuscles of a dilferent 
sjiecics, we find that the latter still dissolve and fix a certain (]nantity 
of cytase. As the first cx]K‘rimeut (A^ith sensibilised red corpusclesj 

^ f)i ufsr/n' turd. IVc/ofuchr.. IJlOO, 8. 7i)0. 

" di'V hist, Pasteur^ i'iiri.s, iaoi, t. xc, p. rJO;}. 
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has sliOAvn that the ^vholc of the cylasc has not been absorbed by 
the red corpuscles, wo readily uiiderstand that the poition re- 
in the fluid will act on the normal red corpuscles of another 

species. 

But when we fix the cytase to tlic sensibilised red cor|>u>cUs the 
absorption becomes complete and the adtlition of othoi’ sj^ecies (4* 
red corpuscles no longer jn*oduces any solution, ft is easy, tlitaetbre, 
by means of sensibilised red eorpllscU^s, to take out the whole of tlu* 
cytase from a serum. When to such a serum, thus deprived of tlie 
whole of its haemolytic cytase, we add bacteria, these latter show no 
‘^ign of disintegration ; wliilst previously, tliat is before the absorption 
of the cytase by the si iisibilised retl cor|mseles, the same serum was 
highly liactericidal. J.et us take a concrete example so that the readm* 
may form some definite idea of the jflienomena obsm verl. Take a 
noi-iiial rat’s serum Avliieh, hi a. very short time, transforms cliolera 
vibrios into gratudos or did’orins ami dissolvi.^s anthrax bacilli. Tlie 
same serum dissolves the red corfiuscles of a different s]>ecies. ^\'e 
will first leave this siuaim in contact with these red cor[mscles sensi 
i)ilised by tlu^ sfiecific fixativ<\ After the solution of a (juantitv of 
these rc'd cor|)Useles, let us add to the serum a few cliolera vibrios 
or anthrax liacilli. The vilirios, in. this serum, arc no longer trans- 
iormod into granules ami the anthrax bacilli undergo no change at 
all ; tlicy stain in the normal fashion by basic aniline dyes, they 1‘20(;] 
present neither deformations nor solution of their contents. In 
otlier words, no liactericidal action takes place in a serum that is 
<!eprivcd of its cytase by siaisibilised red coijmscles. 

Is it nocessary to conclude from this and other analogous cxfieri- 
miaits that tlie cytase, fixed Iw the seusil)i)i>ed formed olciuents ( red 
blood corpuscles or micro orgauisms), is always one and tlie same 
evtase? -May it not be that tlu^se elements, ini|>regnated with specific 
fixatives, become so greedy for cytases that it is easy foi* them to 
absorl) not only om,^ variety but several species of eytases ? 

The iacis we have summarised in Clia|>ter IV conceining the 
eytases, indicate that very probably there exist two kinds of eytases, 
connected witii the two great groups of [iliagoiytes. Extracts of 
the mesenteric glands, of the omentum and of the exudations, wliich 
are eom]>(>sed for the most jiart of microphages, do not dissolve the 
red corpuscles, but are, on the other hand, siiccially bactericidal, 
Harassewitch has cariiod out numerous experiments on this [loint 
in my laboratory and lias brouglit forward a large number of data 

i :;— 2 
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ill favour of this theory of two phai^ocytic cytascs. He found tliat, 
even when specific fixative is added to llie extract of niicropliagic 
exudations (of rahliit), the sensibilised red corpuscles are not dis- 
solved. It must then he accepted that mici’ocytase, so active against 
bacteria, is entirely powerless against animal cells. 

As the micro]>liage8 seize, thougli rarely, and digest red blood 
corpuscles, sficrinatozoa and other cells of animal origin, it must be 
admitted tfiat lliey also contain a small ((iiantity of macrocytase, or 
that th(i micro(*\tase, given time, is ca])able of dissolving these ekv 
ments. On tlie other hand, the maeroiihages, in spite of their marked 
predilection for animal cells, also ingest and digest certain liacteria. 
This is line jierhaps to tlie ])resenee of a little inicroeytaso oi* to tfie 
l)ower that the inaerocytase has of attacking micro-organisms. These 
<|nesbons are too snbtle to be delinitely r(‘solv(‘d at |)fi‘senl:. 

'file duality of the ejiases does not clash witli the experiments of 
llordet sviminarised above. We have only to admit that the formed 
] elements, once tliey arc impregnate<l with 8|>ecilic fixatives, become 
capable of absoibing not only the cytasc which digests them, but also 
another whicli, without dissolving them, is simply fixed to < hern. Iloro 
we should have a phenomenon analogous to the fixation by tibrin 
of diastases, other than trv|»sin and jiepsin, or to the fixation by silic 
threads of all kinds of soluble ferments. 

Jt may l)c aecejited, then, that the j)l]agocyfes elaborate two 
eytases: macroeytase, active for animal cells, and microcylase, whieli 
rligests bactei’ia. Tliis result up to a certain jioint has l)er‘n an- 
ticipated by Hchattcnfroli's^ experiments and foreseen by Max Xekscr 
{LrX 

It lias already l)een n<»ted that the reaction iiisido the ]>liagoc\ tes 
is usually ieebly or very feebly uei<l. and only rarely distiiietiy al- 
kaline. On the other hand, it is well known that eytases, in seniins, 
act in an alkaline medium. It is certain therefore tliat these soluble 
ferments can carry on the pi’oci'Ss of (ligcstioii under varied con- 
ditions. llcgclcr^ working in I)uehncr's lal>oratorv, has studied 
the influence of the alkjdinity' and acidity of the medium on the 
Inictcricidal action of serum. He comes to the conclusion that the 
destrndion of micro-organisms can take place in a serum to wliich 
has been added small (piantitics of alkali fcarbouatc of soda) and 
also in a weakly acid scrum (from the addition of small quantities 

' Arc/hj, Ilya., .Miuichen u. l.oii>zig, isas, Bd. xxxv. S. 199. 

" Arc]!./, Jfyy.j MunclitMiu. 1901, Bd. xl, S. ;>75, 
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of suli)buric acid). Once the serum becomes distinctly acid tlio 
bactericidal x^ower disax)i)ears at once. 

Our knowledge of the cj tases, as a whole, leads us to ajH)roxin\atc 
these diastases to the groiii) of trypsins, papain, amoebodiastase and 
actinodiastase. The cyt;\ses are elaborated by the phagocvtcs, but 
are not secreted into the plasmas ami they remain inside the cells so 
long as these cells remain uninjured. 

Ill tins respect the cytasos must be placed in the grouj) of tiu^ 
Endo-enzymes/' according to the nomenclature oi llahu ami (ierct\ 
Tliese observers have carefully studied the proteolytic diastase of the 
yeast of beer which likewise acts inside the cells witliout ever being 
cxcrctetl. Tin's diastase, to whicli they give the name of ‘^yeast eiido- 
trypsin '* ( llefcendotrytisin), lU’esents in general an nmleniable rela- 
tionshi]) with tlie iihagocytic cytases, from which it is distinguislied [^os] 
hoM'cver by a greater sensitiveness to alkalis. Kutscher* in his 
researches on autodigestiou in yeast has estaldished analogous facts. 

The cjtases ami eiid()lry|)siu are consecpiently cudo euzymes, as 
are also amoebodiastasc, actinodiastase, i>lasmase (fdiriu ferment; 
and the zymase of E. liuchuc?*. All remain eoidiued uithiu tlie cells 
\\hicli have manufactured them ami are not secreted or exereted, as 
are tlie sucrasc and iuvertin produced by yeasts or Mucedinae. 

Our present knowledge on the cytases is as y('t far IVom [>erfcet, 
which is not astonishiijg, seeing how recently the (jnestion lias been 
brought forward. The cytases found in the serum of the same animal 
are the same, for wc have seen that the macroeytasi* which rlissolves 
red blood corjmscles is the same which digests s])cnuatozoa ; whilst 
tlie same microc} tase digests bacilli, sjiirilla, and cocci, lint in the 
scrums of iliHercut species, tlie cytases dilfcr. Thus tlie cytases of 
the dog arc not the same as are those found in the serums of the 
rabbit or horse. AVhilst the majority of the cytases are very sensitive 
to heat ami arc destroyed at a tem[)erature of ao — ‘Ur C., some, 

<j/. the microcytaso of rats serum, resist this temperature and arc 
only destroyed at (35' ( presenting, consequently, an example of 
cytasc stable to heat similar to that discovered by Ehrlich ami 
Morgeiiroth. 

It is as yet very diHicult to establish whether, besiiles the (wtases, 
there exist other endo enzymes within ]>l)agocytes, tliat is to say, 
soluble ferments wliich do not jiass into the serums on tlie dcstrucdun 

^ Zhehr. f, Ih'oL, Miaiclictt u, Uorlin, JMOO. Hd. xr, S. 117. 

’ pSitz/tni/sb, d» luitarf orach. Geadlach. zu Marbarfjj UMMi. 
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of tlie phagocytes, but eoutiime within tliese cells. Our present 
methods of investigation do not enable us to come to any conclusion 
on this point. We know only that the <ligcstion of the formed 
elements is more com[)hdc inside the i)}iagocytes than in the serums. 
Thus, as we Ijavc seen in Chapter IV, the best spermotoxic and 
haemolytic scinms never digest either spennntozoa or tlie nuclei of 
the red eoipuscles of birds. And yet tliese eleintMits are eomi>1etely 
dissolved in the phagocytic contents. Does tliis diiferenee de])ond 
on the fact that, in tlie set'ums, we get only a very small part of the 
maeroeytase, or upon tlie injurious influem^e of tlie allvalinity of the 
serums on the maeroeytase which acts lietter in weakly acid media, 
or on tlie |)r(?seiie(^ in the phagO(wtes of other endo-enzymes still un- 
known ? Tlieso are <juestions to wliich at present no detinite answer 
can be given. 

dust as animal cells, when ingested by pliagoeytes during resorp- 
tion (see Cliap. IV), immediately beeome permeable to stains, so in 
natural immunity do micro-organisms taken into phagocytes aecpiire 
the same property. Very often, under the intluenee of the pliagoeytic 
action, the ingested micro-organisms become stainable by (tig. 

dh). This e()siiio]>liile transformation lias been obsei-ved in tla^ eliolera 
vilirio, the antlirax bacillus and in Protrm rfflf/aris, Jt is i>rol)al)Iy 
widely diilused among the pliagoeytised bacteiia. This fact demon- 
strates eleai’Iy tiiat at least some of the eosinophile granules are 
(h’rived from foreign liodies iugested liy the phagocytes, Olliers of 
these granules are pnibably the residt of tlie tiniisfurmation or suliible 
substanecs absorbed by the pliagoeytes, lu fact, during iidkniimation, 
many mierophages wliieli emitain no foreign solid liody, may often be 
seen eliarged witli a (luautii y of small pseudo-eosinopliile gi‘jiiiules. 

( V‘rtain vibrios and bacilli, when ingested by miero|)h{u:(‘s, Ikhoiuc 
transfoi iiied, alinost immediately, into spherical granuh^s. The eliolera 
vibrio undergoes tin; same transformation in the [leritoneal exudation 
at tlie moment of jilKigolysis, as also in blood seriini. 1’he Btieillm 
rolf\ the ty])hoi(l baeillus, and certain other cocco liaeilli do not change 
in the least, or change very slightly in scrum, but exhibit the trans- 
formation into granules when inside mieroiihages. The macro})liages, 
on the otlicr hand, digest the same bacteria (vibrios and cocco-bacilli) 
without tliese bacteria presenting any signs of this change of form. 
The batderial membrane resists the influence of tlie phagocytic diges- 
tion longer than do the contents, but is in the long run also completely 
digested. After the ingestion and destruetion of miero-oiganisms 
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by tlie phagocytes, debris of iiuleterniiiiate form may, for long, be 
found in the cells, but I have never been able to demonstrate any 
solid excreta from them. We must suppose, then, that tlie uudigeste<l 
portions are not thrown out from the |»liagocytcs. 

When describing the solution of red blond corpuscles by viormal 
serums, wo have mentioned Ehrlich and IMorgenroih's view tint 
the eytases are incapable of fixing themselves to these cells witli !;210] 
out the help of fixatives. They cite in support of their o]>iniou 
several examples of fixatives (intermediary substances or ''Zwisehen - 
koi’per discovered by them in the serums of various species of 
mammals. Ts this so Avitli inicroeytase in resjiect to micro-organisms? 

If this soluble ferment is incapable alone of fixing itself upon tlie 
bodies of lliese parasites, the he]]) oflixatives would be indis]>eiisable 
to it. The bactericidal pro|)erty of the ini(‘iT>eytase, then, would 
depend on the existenee of another body ^fixative) which, perhajis, 
might not owe its origin to iiliagocytes. The problem, then, has a 
wide general range. 

In one of his memoirs, Tlordet^ had already raised the <jueslion of 
the existence of this sensibilising (or fixative) projierty in noiinal 
serums. By mixing two normal serums coming from ilillerent sjiecies, 
lie was sometimes able to demonstrate the existence ofsuel) fixatives, 
riius the (diolera vibrios, whicli <lo not undergo granular transforma- 
tion in either the normal seriun of the horse (which is capabh* only 
of arresting their movements and ag'glutiimting ttieni into a mass) 
or in that of the normal guinea-pig, readily become transfoi'med into 
grannies when placed in contact with a mixture of the two serums. 
Bordet, hoAvever, refraius from any hasty generalisation on Miis 
oliservation and ])ro[)Os(:s to make fresh reseurelies on tliis subject. 
Independently, IMoxter^ has atteni})ted to demonstrate ihc ])reseiiee 
of fixative in the normal scrum of the guiuea'jiig. Wiien deprived 
of eytases Ijy heat, this sinaiiu is incajiable of transforming the cl)olcra> 
vibrios into grannies ; but when fluid from the peritoneal exudation 
of the same guinea-|)ig is added, the transformation takes place 
very rapidlj^ Xevertlieless, as this exudation was already, by itself, 
capable of producing Pfeiffer’s iilienomenon, Moxter's conclusions on 
the presence of the fixative in the normal guinea jiig^s scrum caimot 
be accejited without a fuller analysis of the facts, and tliis denuiuds 
frcsli researches. 

^ Ahn. de Pasteur^ Paris, JS9.9, t. xin, p. 29a. 

* CentralbLf. Baktirlol, u» Pamsiten/c,, Jena, 1899, P® Abt, Dd. xxvm, ts. 
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A recent investigation, carried out by Bordet^ in collaboration 
with Gcngou, devoted to the study of the absorption of cytases 
by micro-organisms that liave been scnsibilised l)y means of fixa- 
tives, also gives us information on the question whicli now occupies 
us. It was easy to demonstrate the [)resenee of fixative in the 
serums in the case of the cholera vibrio and its allies, by reason 
of their trausfonnation into granules, ap|)reeiable on microscopical 
examination. When a serum, which of itself is incapable of set- 
ting u]) tills transformation, produces it directly we add another 
serum heated to a5' C., we must conclude that the latter fluid 
eontaiiivS the cholera fixative, whilst the former contiiius only cytases. 
]iu<, as the majority of bacteria do not undei’go any analogous trans- 
fin’ination in serums, we are, in these cases, Avithout any criterion as 
to the presence of fixative. Bordet and Gengou have eliminated this 
inconvenience in determining the fixation of alexine by bacteria 
Avhich undergo neither granidar transformation nor any other visible 
ehange. A normal unheated serum, which always (‘ontains a siillicient 
(juantity of cytases, is mixed with any micro-oi*ganism, i jf, with the 
anthrax liacillus or the cocco-bacillus of |)lague. The serum, decanted 
after a i)rolonged contact with these bacteria, remains qtiite as ca|iable 
of dissolving the red corpuscles of a dedermined foreign s[)ecies as it 
was originally. This proves that cytases remain in the serum and 
that they have not been absorlied by the bacteria. Bejieat the same 
experiment Avith this difference, that insioad of normal anthrax liacilli 
or plague cocco bacilli we introduce into the unhealed normal serum 
tliese Viacteria after they have been scnsibilised by the corresponding 
fixatives (tlia t is to say, previously submitted to tlie influence of specific 
serums heated to (J.;. After contact for a certain lengtli of time 
Avith these bacteria, the serum is no longer capalile of dissolving the 
i*ed corpuscles of a determined foreign species, thus demonstiating 
that the cytases liave, thanks to the help of the fixatives, been linked 
to the baetei’ia. We see, therefore, tliat it is easy to determine 
Avhether a serum, whose jiroperties are unknown, contains fixatives 
or not. It is lieated to and mixed Avitli normal iinhcated serum 
to Avliicli ba(‘teria arc added. If, after contact Avith these latter 
the normal serum has lost the poAver of dissolving the red corpuscles 
(Avhich it was capable of dissolving previously), it is because its 
cytases, thanks to the fixative wliieh must be present hi the lieated 


^ Anth dc I lust. Pasteur, Piiris, 11)01, t. xv, i). 289. 
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sonini, have been absorbed by the bacteria, lii the other case, wo 
conclude the non-existence of the fixative. 

In their researches, Bonlet and Oengou often ein]>loyed normal 
unheated seniins to which they adiled several species of bactciia. 
They demonstrated that in these mixtures the cylascs rtauained [*2e2] 
intact or nearly so. These soluble fermeiits were scarcely, if at 
all, al)Sorl)ed by the bacteria, which proves that in the mamal 
scrums there are no iixatives in any appreciable quantity. <>1* all 
their experiments tlie one that interests us most was carried out 
with ProteffS Vfdijctrh. This organism jilaeed in prolonged cc)utac‘t 
with normal guinea-pig’s serum showed itself ineajiable of alisorbiug 
or fixing anything beyond the most minute (jiiantities of th(‘ eytases. 

The re i.> conseijueutly no fixative for /bo/'c/fs in normal guinea-pig's 
sei’inn. or, if any exists, it is only in negligible (|uantity. And yet 
this same Prnfeus ri(hfarh, when injected into guinea-pigs, was in 
a sliort time ingested and destroyed by the phagoeytes wliich assure 
to the animal a nalnral immunity of the most stable cliaracter. 1'hc 
faeility Avitli whieli the leucoeytes of the gninea-jhg devour the 
Protrff.^ follows, among otliers, from an experiment by Hordet^ 
earned out with (juitcj another olijeet. A guinea-pig, very ill as the 
result of tlic injection into its iieritoneal cavity of a very virulent 
^tre|^tol•occus, contained in the peritoneal exudation a quantity of 
('uq)ty inicrojihages inca|>able of ingesting these streptococci. At 
Ibis critical moment thei*e was injected into tlie same position a 
mass of Prof rolgarir. '‘At the end of a very short time, it is 
seen that the l('iu:ocvtes which cnergc*tically refuse to ingest strepto- 
cocci greedily sen/e upon tlie new' organism otlered to them ; and at 
the end of lialf andionr the wliole of these organisms are found in- 
side phagoc-ytes. ’ 

Here, then, we liave an actual proof of the fa(‘t that tlie jihago- 
evtos, in order to rid the animal organism of a microbe ainl assure 
to it a natural iinTimnity, have no need of any previous Jie]|) from an 
extra|)hagocytic fixative. The jihagocvtes act, so to speak, niofa 
'proprio^ and themselves bring about the resorption of tlie iiitrndei*s. 

The question of fixatives in normal serums, tlien, loses its importance 
for ns and their oi-igin no longer presents any essential intcuest for 
the problem with which we are at present occupied. 

Can we conclude, from the data just summarised, that the evtases, 


^ Ann. de I'lnst. Pasteur ^ Paris, ISUli, t. x, p. 107. 
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which in several respects api)roxiraate to tlie trypsins, have this 
fiirthcr feature in coimnon with them that they can act witliout the 
help of any fixative? It is known, as nientioncd in Chapter III, that 
trypsin can digest alone, or in collaboration with entcrok}'tmse, that 
fennent of the intestinal juice which acts as such a powcu-ful ad- 
[2l3ljuvant to the pancreatic ferments. Is this also the case with the 
cytascs? I'he fact that wlicn Proteus vulgaris is placed in contact 
with normal uidieatcd gTiinca-j)ig’s senun, it is incapable of absorbing 
cytascs, altiumgh it is so readily digested by phagocytes, indicates 
rather that, for the fixation of cytascs, the help of the fixative is 
indispensable. Ihit, as this fixative is absent from the senun, and 
since, nevertliclcss, it must exist for the needs of digestion, it must 
clearlv' be concluded that it is found inside the phagocytes. Its 
()uantity is perhaps so snndl that when it lias iiassed into the serum 
its action is cntirt'ly lost or nearly so. Fresli rescarcln^s arc necessary 
to elucidate this delicate point. 

But perl laps the phagocytes which, as we have just seen. c?aii 
engage in a struggle with and ingest tlic inicro-organisins witliout the 
latter heing previously moditied by the fixative, may be incapable 
of fulfilling their functions without t)ic help of some other substance 
circulating in the blood plasma? Amongst these substances is om^ 
which manifestly acts upon tlie micro-organisms by rendering them 
motionless and agglomerating them into masses, Tliis agglutinative 
proiierty is met with in tlic normal fluids of many species of 
animals and is exercised upon many bacteria. It may be demon- 
stvaied not only in the blood serum, but also in tiic fluids of 
transiulations and exudations and in certain secretions sueli as 
milk, tears, and urine. Little is known as yet of the mechanism of 
this agglutinative action, and wc can the more readily refrain from 
entering into details eoneerning it us it is of no great importance 
from the point of view of natural immunity. 

In the pi-eceding chaiiter we have already spoken of the ingestion 
of cholera vibrios in tlie peritoneal cavity of guinea-pigs. In those 
oases in wliieh the animals exhibit an eftective resistance, the 
jdiagocytcs devour the vibrios whilst they still exhibit veiy active 
movements. Even Avhen a large majority are already seized by the 
leucocytes and only a few isolated free vibrios remain, these latter 
still continue to exhibit normal jLiiovemcnts. These facts, repeatedly 
observed, clearly demonstmte that phagocytosis may take place 
without any previous agglutinative action ; this docs not, liowever, 
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prevent tlie micro-organisms, when uniterl into motionless masses, 
from l)eing ingested l)y tlie leucocytes with greater case. 

In tlic case of the typhoid bacillus, one of tlie most acti v(^ of bacteiaa, 
tlio same flicts may be observed as in the case of the choha-a \ ibrio. [ 
In animals that remain uiiatfected we often sec the last bvi' Ir.nalli 
moving about actively between the leucocytes filled with mierolH's. 
In many other e\am])les of natural immunity we constantly na*et 
with [hagocytes containing but a single or a small number of micro- 
organisms (streptoco(,*ci, yeasts, etc.). 

The presence of motile micro-organisms inside )>hagoeytes proves 
also that it is ]H)ssil)lo for these cells to do Avithont the help of agghe 
tinative substance in carrying on their [)roteetive work. Tlie most 
carefully studied case of the relations betAveen natural immunity and 
agglnlination is that met Avith in the Jinthra\ bacillus. AVe owe it to 
( i(‘ngon‘, Avho at the Licg(‘ Ihictoriological Institute carried out a very 
detailed investigation on this ([uestion. He showed that the bacillus 
ol' Pasteur s first anthrax vaccine is agglutinated by the blood serum of 
a great number of animals. Hut lie also slumed that the serums which 
liave tlie greatest agglutinative action on this baeillns do not conu^ from 
tlie most refractory species. Human serum agglutinates most .sti‘ougly 
the baeillus of the first vaccine (in the ])roi>ortioii of one jiart of 
serum to oiH) jiarts of culture) but man is far from being exempt 
from anthrax. Pigeon s senmi, on tlie other hand, is eomplebdy 
without any agglutinative po\ver, although this species resists not only 
the first vaccine but very often even virulent anthrax. Tlie scaMim 
of the ox, a s[)ecies suseeptilile to anthrax, is more agglutinative 
T : IgO) than that of the I’efi'aetoiy dog (1 : 100). ddierc are, how- 
ever, exceiitional cases in Avhich the agglutinative property (tor 
res])onds to the degree of susceptibility. Thus the scrum of the 
mouse has not the slightest aggiutinativo aittion on the bacillus of 
the first vacxine. Ihit alongside tliis example is that of tlie rat, a 
Species of moderate susceptiliility to anthnix, Avhose seriini possesses 
the least agglutinating [lower of all, acting only in the proportion 
of 1 ; 10, All tliese facts fully justify the conclusion formulated by 
(ieiigou that ^Sve cannot establish any relation between the aggluti 
nating power and the refractory state of the animals to anthrax '' 
j). 3H)). This conclusion may be extended to the phenomena of tlui 


^ Arch, iiiternat dc Pharimtcodyn.^ Gaud ot Paris, t. vi, ]*. 21)9 ; Arm. 

dr Pasteur^ I'ari.s 185)9, t. XI il, p. 042. 
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agglutination of nilcro-organisnis and to those of natural immunity 
in general. 

Amongst the properties of humours, there exists one Miiich might 
l>lay a part in natural immunity against micro-organisms. I mean the 
[ 2 ir)]poAvcr possessed by the blood and certain otlicr fluids of the animal 
l)ody to neutralise tlie action of microbial i)oisons. Perhaijs, it may 
l)e suggested, the j>hagoc\ tes are not ca})able of commeneing to do 
tlieir work exce[)t alter a previous action of antitoxins. Alter 
tlic neutralisation of the principal means possessed by the micro- 
organisuis to injui'e tlio organism, these ])arasites, having been ren- 
dcix'd innocuous, might be readily destroyed by the phagocytic cells. 
We liave ali'cady had occasion to treat this fundamental question. 
Thus, we liave insisted in the preceding chaj)ters on the absence of 
any parallelism between immunity against miciHJ-orgaiiisms and that 
against their toxins, takijig as our examples anaerobic bacteria (tet- 
anus bacillus, sef)tic vil>rio, bacillus of symptoniatic anthrax) in eon- 
nectioM Avilh Avhich pliagocytosis takes jdace without any lielp from 
the antitoxic function. 

We must now ])ass directly to the examination of tl»e [ucstion 
of antitoxins in the fluids of animals naturally refractory to the 
micro-organisms and of tlie ultimate part played by them in this 
immunity. 

Examples of the presence of antitoxic serum in normid animals 
are very rare. It miglit 1)0 sui)j)osed that animals endowed with 
natural immuMitv against micro-organisms and at the same lime 
against tlieir toxins, qAresent an ai)pniciablo natural antitoxic ])owcr. 
Let us (‘xjunine some of the more tyifical examples. The fowl enjoys 
a very marked immunity against the tetanus bacillus tuid its toxin ; 
its blood and its sernm, lu)wev(*r, as demonstrated by Vuillard 
exhibit no antitoxic power ; this observation has been confirmed 
by several other workers. The rat is very refractory to dii^htheria ; 
it resists sulicutaneous inoculation of a large quantity of dijihtheria 
bacilli and vigoi’ously Avithstauds diphtheria, toxin Avheu injeeted any- 
Avhere but into the brain. It has been demonstrated by KuprianoAv'^, 
in an investigation carried out under Loefller’s direction, that the 
blood serum and the emulsion of tlie organs of the grey rat (Mm 
ilemmanifs) jiosscss no antitoxic property. This fact has been eon- 


' ConipL n'tiif. Soi\ de Paris, 1891, p. 4(>4. 

“ CentralbL f. JkdderioL u. Pamsitenk^ Joiia, 1894, Bd. xvl S. 415. 
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firmed l)y other observers. Von Tieliriiig\ in a review of the i)heno- 
mena of immimity in general, suins up this <iuestion as follows : we 
find no antitoxin in the blood of individuals that are naturally 
refractory:^ Tiiere are^ however, certain exceptions, pcrha])s only|'>i(]{ 
apparent, to this rule. Thus Wasserinanir has shown that blood 
seriiiu from healthy human beings is sometimes antitoxic (o tiie 
diphtheria, pois(»n. The individuals who furnished this antitoxin 
maintained that they had never siillered from <liphtheria. We kianv , 
howt^ver, that this disease is sometimes })resent in so benign a Ihnn 
that it may ])ass unnoticed. More eouelusive a]>|)ears the cxamjile 
of normal horses wliose l)loo(l serum, as demonstrated by A! emit* 
Boltoir* and Cobbett’, is very often antitoxic foi- the diphlhcriii 
toxin. This pro|>erty, however, is not found in every hoirse ; in 
certain individuals it is entirely absent, dbis last fact allbrds an 
indication that tlie antitoxic ]a'opcrty in the l)lood of horses lias 
lH‘en acrpiirod as the result of some afiection prodncetl by a. bacillus 
alli(‘d to the di[)htlu‘]-ia l>acilliis. This view has not yet been suifidently 
exainiiH'd and conse<|Ucntiy cannot claim to be ac(*e]>i(‘d as setth'd. 
Ih‘(*entl\, Alax Xeisser and Weehsborg'’ have discovered an antitoxin 
in human blood whicli is ('apablc of preventing the solution ot the 
re<l cor[mscU's by the toxin of stajdiylococci. Tliis antitoxic |H)wer 
varies considerably in difiVavut individuals and is jirobaldy to bo 
accounted for by the fact that the stajihylococcus is one of the most 
widely diiruscd organisms among the bacterial Hora ot' tlic human 
body. The small lesions produced l»y these micro-orgaiiisms (acne, 
boils, etc.) iwc so fi'cquont in man that they may readily l>! ing about 
the ju-oduction of an antitoxin. In this case, liow(‘ver, we liave again 
an example of acquired antitoxic power. 

The examples just summarised can in no way allbct the gcnei*al 
thesis that the ])liagocvtes, in ordt'r to fulfil their microbicidal 
function in an animal endowed with natural immunity, have no need 
of any previous action of the body Huiils to neutralise the corresiiond- 
ing toxins, 

^ Article ‘‘IninmniUit’' in the .‘Inl edition of Euloibvirgs Real-Tlnajd(yp(^U 
Wien, 1896, 

" Deuiyi'he rnni. ll^i'hvsrhr.^ licipzig. 1891, S. 120 (of Voreins-fieilage). 

•' \J<turn. Rrjh’r, ^ New York, J8.96, Vid. i, p. 54a.] 

‘ [Joftni. Palh. anJ JhteterioL^ Kditi. London, 1S9G, Vol, in, p. ,‘128 : Lunryt^ 
JiOioioii, 1S99, Vol. II, p. .882; CentralhL f. BakteriuL u, FaranitenL^ Juui, IbtHJj 

Abt., M. XXVI, S. 548.] 

^ ZUrltr.f, Jiei]kzig, 1901, Pi.i xxxvi, S. 299. 
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The facts and views analysed in these two chapters afford us a 
general picture of the phenomena exhibited in natural immunity 
against micro-organisms. I'hc dominant feature is represented by 
tlie phagocytic reaction tliut is observed tljroughout the animal 
series and that is exercised against i)ara.sites belonging to all the 
microbial groups, riiagocytosis is exhibited not only by the macro- 
[2i7|ldjages but also, in a high degree, by the niici’ophages which stand 
out as the defensive cells par against micro-organisms. 

Their action is divided into a scries of vital pliysiological acts, such 
as sensitiveness to the micro-organisms and their ])roducts, amoeboid 
movements wliicli serve to ingest the miei’o organisms, and into 
ehemical and physieo chemical processes, such as the destruction and 
<ligcstion of the devoured organisms. 

The ])hagocytes enter into a struggle against the micro organisms 
and rid tlie animal organism of them without rcipiiring any previous 
hcl]> on the part of tlie body huids. IMiagocytosis, exercised against 
living and virulent micro-organisms, is suilicient to ensures natural 
immunity. The baetcriiadal power of tlie sernin, which for a long 
time served as the basis tor a humoral theory of immunity, repr( ^>ent^ 
merely an artificial property, <leveloped in conseiinencc of tlie setting 
free of the microcytase of the leucocytes that have become disinte- 
grated jifter the blood has been drawm. Tlie agglutinative jiower of 
the normal fluids of the body jdays no important jiart in natural 
immunity. 

The phagocytes, in order to fulfil their function, can attack 
micro-organisms that are capaVdc of producing toxins. Any anti- 
toxic action against these bacterial jioisons is in no way necessary 
to allow' of iiliagocytosis coming into action. 

Taken as a wliole, tlie data eolleeted on natural immunity against 
micro-organisms ch‘arlv demonstrate that tlie destruction of tliese 
parasites in the refractory animal organism represents merely a special 
)>hase of the iX‘s<»i‘ption of formed elements. 
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SURVEY OF THE FACTS BEARING ON ACQUIRED 
IMiMUNITY AGAINST AIK'RO-OROANISAIS 


Tlio discovery of atteiinatcil viniscs and its application to vnocination against 
infective discjascs. — Vao(‘ination by microbial ]>rodncts. — Vaccination Avitb 
senniis. --'rhe accjuirecl iiMinunity of tbe frog against pyocyanic disease. — Tlie 
acc]viired iinnniiiity against vil»rios.“ Kxtiac<‘llnliu* destruction of tlio <*holera 
vibrio. — Part jilayed by two substances in l^fciifer’s phcuoinenon. — Specificity of 
^ fixatives. — Pliagolysis and its relation to the eNtra.(X‘llular destruction of vibrios. — 
/ Part ]»Iayed by pliagoeytosis in tin; ae<piirod immunity against vibrios.- Fate 
of the of recurrent fever in tbo oi*ganisni of immunised guinea-pigs. — 

Aeijuired iinmnnity ag.ainst the bacteria of typhoid fever and pyo(‘yanie disease. 
— Acipiirod immunity against swine erysipelas and anthrax, — Acnaired immunity 
iigGiinst the streplucoccus. — The ac(|uircd immunity of ruts against Tri/pau^fhs‘<itna, 


C^EMTArx of the IiypotliCRo.s on acajuirtul iinnuniity arc of as ancient 
origin as are tlio.se oa natural iinivmnily. P'or exain])le, it lias for long 
been kiinwii that man i.s constitutionally refractory to certain diseases 
xvliieh lire vmy fatal to eattle. Ft lias also Ix'cn recognised that after 
a fii’st attack of a contagions disease^ sucli as sniall-[»ox, measles, 
scarlatina, typhoid level’, etc., man acquires a lasting immunity; and 
that llic same rxih) applies to domestic animals, foi- itxamplc, cattle 
tliat have recovered from cattle plague or slieep tliat have got Fictter 
iVom slieep-pox, liccome refractory against these disease>s. 

''fhe discovei'ies of variolisation and vaccination, as methods of 
conferring on man a resistance to small -pox, liave notably advanced 
our knowledge u])on ac(iuired immunity. Tlie researches on the 
]>ro})ertics of vaccine liad ali'cady led to some inijiortant ri‘su]ts. 
Jlnt it is only since the iiublication of Pasteurs investigation, carried 
out with his collaborators Cliamberland and Roux, in the first phice, 
and with Thuillicr later, that mo have been able to take uj> the study 
of acquired immunity in a I’eally scicntiiic maniiei’. The first in this 
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[ 2 nvi ISeries of di8Covx>rics, which have opened up a path so fruitful to 
science and medical art, was the discovery of the attenuation of 
niicro-or^jpanisins. The sTuall cocco-bacilhis of fowl-cliolera after 
several >vecks' culture in broth was found to have become markedly 
attenuated in vindcnce. To Pasteur the idc‘a occurred of testing 
wliether fowls tluit had resisted the inoculation of these attenuated 
organisms laid accjuiri'd any real immunity against virulent fowl- 
cholera. ExperinuMit confirmed his expectation and led to the 
discovery of the vaccine against this disease. The method was at 
once applieti to otlier infective ejiizootie diseases and shortly after- 
wards Pasteur, (daimberland and lloux found a method of ])reser\ ing 
she(‘p and cattle from anthrax. To attain this end it was found 
necessnry to ]>revent the bacillus from producing 8j)ores (in this they 
succeeded by cultivating it in broth at a temperature of 
l)c‘cau.se these spores fix the virulence atid prevent attenuation. Having 
overcome tins main olistaele, Pasteur and liis collaboiators found 
that their eultiiros, thus deprived, of sjau’cs, become attenuated on 
exposure to the air and so become transformed into vaccines. They 
Avere thus able to ]>repare their two aidhrax vaccines which soon 
found such wide ap[)lieation in j>ractice. A few years later, Pa>U‘ur 
and Tlmillier dis(*overed the vaccines against swine erysij>elas and, 
in collaboration with Poux and (Jraneher, Pasteur made the first 
application of Ins discoveries to the vaccination of man against 
ral>ies. 

The path thus opened up Avas truAXTsed by many other inxesfi- 
gators and led to many Aory remarkable discoveries. Vaccination 
with micr<;-organisms luHrame a recognised method and in the hands 
of Arloing, Coriievin and Thomas, soon found its application to 
sym[d,omatie anthrax. The next step in tliis onward inogrcss of 
science vvas taken Avlien Salmon and Smith, Avtirking at hog- 
cliolera, <lemonstrated the j possibility of vaccinating not oidy Avitlt hog- 
eholera bacilli, but jdso Avitfi culture fluids in w Iiich these organisms 
had develojped. These Huids, Avhen completely deprived of inicTo- 
organisms by filtration, iproteeted the experimental animals from 
virulent hog-cholera. This discoAxry, at first sceptically received, 
Avas soon confirmed and extended by tlie Avork of other investigators. 
Beumer and Pci])er extemled it to the exjpcriinental disease set up 
by the t vi)hoid bacillus in small laboratory animals ; Charriu ai)])lied 
it to tlie disease that he ])roduced by means of the bacillus of blue 

[2‘20] inis ; and Chamberland and Roux prepared vaccines from tlie soluble 
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producfH of tlie septic Tibrio and of the bacillus of syini>lomntic 
anthrax. And now, as the result of these investigations, vaccinations 
by microbial products are in everyday use in all researcli laboratories. 

The vaccinations now used (anthi*ax, symj)toinatic anthrax, swine 
erysipelas and rabies) are still being carried out by means of tlic 
inoculation of living viruses. 

The c()tn])arative history of acquired immunity is still very in- 
comjdcte. The facts hnown concerning the adaptation of unieellvila!* 
organisms to all kinds of injurious influences of a physical or chemical 
nature enable us to perceive that acquired immunity is just us gimeral 
in living beings as is natural immunity ; but it is impossible, in the 
present state of our knowledge, to confirm this hypothesis by exact 
and experimental data. Tlie reason for this lies in the great difliculty 
we have in carrying out exjieihiuuits on the lower animals. The 
majority of the Inveitebrata in captivity do not remain alive long 
(‘iioiigh and can not be sutliciently oft<ai inoculated for ns to obtain 
in tliem a well marked acejuired iminnnity against micro-organisms. 
ivowalcvsky\ tlio celebrated Tiussian zoologist, has ti'ied to overcome 
these various diilieiilties by making use of Myi iiqxxls. Ifc found first 
that Seol()p( wlien inoculated with anthrax bacilli, die there- 

from during the hoafs of summer, tlie blood containing a number 
of anthrax bacilli. i3ut wlien the tenqierature does not exceed \7 ‘ — 
l?> ( a lairly large numl)(‘r of these mynajHids survive. 71ie same 
survival was oliserved when I’asteur s first vaetane was in jeettd. Kow- 
alevsky utilised the Saiopendrae that had resisted tlie first injection 
of anthnix bacilli to ascei’tain whether tliey had eontracted an acquired 
immunity. The results were not alisolutely ilemonstrative and Kow- 
alevsky sums up his results in tlie following words : I cannot say, 
tlierefore, that I have sneceeded in solving this question of vaccina- 
tion, but it ajqiears to me very jirobable/' (]). t>U7). 

In view of tin's doubt, I asked .Mesnil to make a fresh attempt, 
making use of S(*olo}miulrw and inoculating them witii anthrax 
bacilli. These creatures, however, wei*e so delicate and so little^ 
cajiablc of remaining alive under the artificial conditions of their 
<*ai)tivitv, that the attempt soon Jiad to be abamloned. I tried to 
obtain better results with the larvae of OrycUs nasicoruis ; lierer2-0 
again the difficulties were too great These insects exhibit a 
]>erfect natural immunity against certain micro-organisms, Ixit for 
others they showed an insurmountable susceptibility. It is very 
' Arch, do zool. ejcpcr,, Paris, 1895, 3* serie, t. nr, p. r)l>h 
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evident, then, that it is not an easy matter to set up an acquired 
iinnuinity in the Invertebrata. 

It was necessary, tliorefore, to iijo higher up the animal scale and 
have recourse to cold-blooded vertebra tcs. Tlio choice naturally 
fell on the frog. 1 asked Dr Oheorghiewski^ Avho was working 
in my laboratoi-y, to try to vaccinate the Ritrachiaus against p\o- 
cyauie disease. I ought first to state that the bacillus of blue pus 
is [Kithogenic for the frog, which it kills botli at the ordinary laboratory 
teinjieratuve, and at that of the incubator, 30 — 37 In the first 

case the fatal <losc is nmch greater than in the second, but it W 
{dway« easy to induce a fatal infection. In this respect, therefore, the 
Barillffs pf/orf/(rtu'ifs is nmch better ailai)ted for study than the 
antlirax bacillus or many other micro-organisms. (Jlieorglncwski 
vaceijiated green frogs (Itaaa escideMa], which had been accustomed 
to the* incubator teanperature, 30 0-, by injecting every 4 to 7 days 
eonsielerable doses of cultures of Baedlifs pijovifaiuHis lu*ateHl to 30 C. 
in order to kill all the micro-organisms. Some (3 — ij ^^eeks after- 
wards the ])rcparcd frogs bijeame more resistant to the BariUuri 
plpfcpam us tlian were the controls placed under the same conditions. 
The frogs, inoculated with a fatal dose of tlie bacilli, cl<?arly exhibited 
a certain, though sliglit, degree of acepiireal inmmnily. Thi^y withstood 
a dose that was always fatal to tlie controls or a dose ami a half, 
but died when injecte<l with double tlie fatal dose. Tlie lymphatic 
fluid of the vaccinated frogs feebly agglutinated (1 : 20 — I : 30) the 
Bacillus pifocyauf vs although it still formed an (excellent culture 
medium for this organism. (duMUghicwski satisfied himself that the 
agglutination was iusullieient to assure iuiimmity to the frog. The 
bacilli agglutinated into clunqis were very virulent. 

A detailed examination of the })henoim*na oliserved in the im- 
munised frogs revealed tlic following facts. During tlie earliest 
stage the bacilli, injected into tlie dorsal lymjiliatic sac, were found 
free in the llui<l, retained their form and were not transformed into 
granules. The bacilli carried by the lymphatic current spread nipidly 
|222] throughout the body. Very shortly after inoculation, however, some 
of the leucocytes began to ingest the bacilli which became trans- 
formed into spherules within these cells. Later, the iiliugocytic 
reaction increased and at tiie end of lo to 20 hours all the bacilli 
were found inside leucocytes. It was easy to demonstrate that these 

i Ahu ife I' Inst, Pasteur^ rurLs, 1899, t. xiii, p. .‘04. 
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biicilli had been ingested in a living condition. Foi tv*cight hours 
after inoculation, no bacilli were to bo found in the lyinnh of the 
<lorsal sac, either inside or outside the cells. But this Iluid when 
sown on nutrient media gave colonies of the liacll/atf pi/ocj/aHdfs 
up to 15 and even 18 days after inoculation. 

A\ e may conclude from these facts tliat the cold-blooded verte- 
brata are capable of acquiring immunity to a slight degree and 
that, in this ac(juired immunity, a marked pliagocytosis may be oV) 
served, but no bactericidal action of the lluids. 

In order to gain a more complete i<lea of the mechanism of ac 
<]ui!ed immunity, it is necessary to observe it in higher vertebrates 
in which a well deveIoj)cd immunity of tin’s tyi)e is readily obtaiiUMl. 

J fere we must have l ecourse to mammals and pass in review an ample 
number of examides, bcfoie we attempt to give tc» our reatlers a 
general summary of the (piestion. 

For long, researches on acquired immunity were eonlined ;dmost 
exclusively to the analysis of the facts ol)servcd in animals sub- 
mitted to anti anthrax vaccinations by means of the two vaccines 
of Pasttmr. large nnmlx'r of imjHU'tant facts were thus colleeted, 
the more weighty of which must be presented to tlie reader. But, 
before entering on the subject, a general orientation on aeqnired 
immunity in lalmratory animals against vilwios is indispcaisable as 
tins example dominates, so to speak, the whole of the ehat)ter on 
acijuirod immunity against micro-organisms. 

Von Behring and Nissen^in their researches on the bactericidal 
j)OW'er of scrums, examined, amongst others, seveial specimens of 
serums coming from animals that had been vaccimitc<l against vnrions 
micro-organisms. In the majority of the e\anq)les giv<m by them the 
acquired immunity produced no increase in ihis power, but the blood 
sernin of guinea-pigs that had been innmmised against Oaruideia s vibrio 
( Vibrio mHehnikovi ) was found to be much more bactericidal as regards [ 
this micro-organisni i.lum the scTUin <)f normal susceptible guinea pigs. 
These authors came to the conclusion that in acquirer! immunity, at 
least as regards the vibrio mcntione<l, the chief part is played by a 
bactericidal substance wdneli is developed in the lluids of the vacci 
nated animals. They were content Avith the mere <lemonstration of this 
fact without making any attempt to follow the coinse of events in tijc 
destruction of the vibrios as it occurs in the organism of the vaccinal, n l 


* ZUrky.f. ////y., Leix>/.ig, 181)0, Bd. via, 8. 412. 
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;j^ainea-i)ig. R. rfciffer^ in collaboration with Tssacff ^^ought to fill 
this gaj). But, instead of taking Gainaleia’s vibrio, these observers 
concentrated their attention on the stinly of the acquired iimnunity 
of guinea-pigs against the cholera vibrio. As tins vibrio is as a nile 
less virulent than GaTnahaa’s vibrio, it Avas necessary, in order to 
obtain a fatal infection, to inject it, not into the subcutaneous tissue 
but into tlie peritoneal caAitv. We have already seen (Chapter VI) 
that the cholera vibrio Avhen inoculated into the |)ei*itoneal cavity of 
the guinea-pig, there meets with a vigorous resistance on the part 
of the leucocytes Avhich seize the living and virulent vibrios and 
digesting them rid the animal of their presence. But Avhen the dose 
of the vibiaos is iiua-eased, they multiply iu spite of the phagocytic 
rt^aeiion ; they arc found swarming in the peritoneal cavity, whence 
they invade tlie lympliatic and blood vessels and cause the death 
of the animal. It is easy, then, b) induce a fatal infet iiou of the 
guiuea-in’g with the cholera vibrio. But it is also easy to vaccinate 
these animals against this cxjjerimental disease. We have only to 
inoculate tliein Avith a nou-fatal (piantity of living cholera vibrios, 
or to inject into them a culture in which the vibrios luive Ijcen killed 
by heat, or some of the culture fluid from which the vil>rios have been 
remoA^ed by filtiatioii. All these methods soon produce an acquired 
immunity in guinea-pigs. If, Avhen this has been brought alnuit, a 
little blood is witlulrawu and to the serum a small quantity of 
cholera vibrios is added, in rltrOy avc can readily dcanonstratc tlieir 
disai>peai’ance, under the inlluence of the l)actericidal substance dis- 
solved in the fluid, iu this respect there is, then, a marked analogy 
with tlu? lact estaV)lished by v. Behring and Nissen as regards 
Gamaleia’s vibrio. 

When into tlie [jeritoncal cavity of vaccinated guinea-pigs a 
certain quantity of cholera culture containing virulent and very 
[224] motile vibrios is injected, we find that in the peritoneid fluid drawn 
off by means of a fine ])ii)ette, the vibrios have undergone profound 
itianges in the reiractory organism. Even a few minutes after 
the injeetion of th(> vibrios, the leucocytes disapi)ear almost com- 
])letely from the peritoneal fluid ; and only a fcAV small lymj)hocytes 
and a large number of vibrios, tlie majority of Avliieh are already 
transformed into granules, are found dig, 39); and there is pre- 
sented a most typical case of I'feiffbr's phenomenon. Alongside 

^ /Jachr,/. llyg.', heiezig, 1894, lid. xvii, S. 355, and Detttsche meiL Wchnschr,^ 
Leipzig, 189(>, SS. 97, U9. 
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the round granules^ may be seen swollen vibrios, and others which 
liavc kept their noririal forni, but all are absolutely inotiouless. Some 
of these granules are gutliercd into small 
clumps, others remain isolated in the fluid* 

AVheu to tlie hanging drop eontaining these 
transformed vibrios a small (luantity of 
a dilute aqueous solution of metln lone blue 
is added, Me obsci've that certain granules 
stain very deeply, M’hilst others take on 
merely a very pale tint, scarcely visible. 

Many of these granules are still alive, because 
it is easy to watch them develo]> outside 
the animal and elongate into ne\v vilirios. 

A large iiuniber of the granules, hoM^ever, 
no longer exiiibit htiv sign of life and are 
evidently dead. li. Pfcifler and certain otlna* 
observers ailirm that the granules may be 
completely dissolved in tlie peritoiie;d fluid just as a piece of sugar 
dissolves in Mater. We have iei)eated]y sought for tins tlisappearance 
of the granules in hanging drops of the peritoneal Huid, Mithout 
being able to lliid any diminution in the numl)er of tliesc tians- 
fornu'd vil)i’i<js, even after several days ; nor have we Ixa'ii aide to 
observe the ])lR‘nomenon of the solution of the granules. I t is at any 
rate indisputable tljat tliis granular transformation is a manilestation 
of very profound lesions undergone by the eliolera vibrios under the 
influenee of the pei itoneal fluid of tlie immunised animal. 

All attemjit has been made to ileiine the mechanism of ld‘eiircr’s 
]>hcnomcnun more exactly, and Fischer^ has soiiglit to refer it to 
osmotic action, exercised by the salts of the fluids in Mhich thel-'-d 
vibrios are susiiendeil. These vibrios, under the aedion of media 
richer or poorer in salts than is tlie fluid in wliich they had developed, 
are said to priiscmt an increase of their internal jaessung in con- 
sequence of Mliich the vibrios swell up or allow a spherical droplet 
of proto])lasm to escajie at one of their jiolos. Tins explanation was 
inadequately supiiortcd by its author and cannot be regarded as 
proved. On the otJier hand, one is compelled to the conclusion tlial 
the granular transformation is due, as we shall see later, to a I'ermen 
tative action of the jieritoueal exudation. 

Whilst the vilirios are undergoing this transi'ormation in the 
^ Zuchr.f. Ihjg.y Leipzig, lyoo, Bd. xxxv, S. L 
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peritoneal cavity of an imnniniscd guinea-xn?;’, the animal recovers 
from a malaise that is quite transitory and continues to live, whilst 
normal unvaccinated guinea-pigs die, an enormous quantity of vibi-ios 
swarming in the ))eritoncal exudation, llie ditfcrence betweiai the two 
animals is most striking, and we can readily understand tliat Pfeitlor 
was so inqu'cssed by it that he Avas led (o attribute the acquired 
immunity of his guinca-itigs solely to the granular transformation 
8('t up by a bactericidal substance contained in tlic fluids (jf the 
immunised animals. 

The ease Avitli which we can giiin an idea of the change of form 
in the vibrios under the influejice of the fluids of the body, greatly 
aids the study' of the bactericidal 8ul)slaiu!e. liefore passing to tiie 
<(uestion of the part played by this substance ii\ acapiired immunity 
Ave must consider for a moment the iirificipal [U'operties of this acepured 
immunity. Very manifest in the peritoneal fluid, the ])ower of causing 
Pfeill'er’s i)hcnomenon is equally evident in the blood serum of im- 
munised guinea-pigs, as has been demonstrated l»y Ilordet. A drop 
of tin's serum, Avhen quite fresh, readily and ra|)idly transforms a 
number of vil)rios into granules. When the seiaim is kept for si>ver;d 
days or has Iteeii lunited to oo 0. foi‘ an hour, tlu; total disap]tearance 
of tlie sui»stance avIucIi produces Pfeiffer s phenomenon is brougld, 
about. This at once Itetrays the iircsence of niicroeyta.se in tin* 
fluids of guinea-pigs tliat have acquired immunity against the eliolera 
vibrio. Yet the Idood serum and the peritoneal fluid of these 
animal.s, having been dc{)rived of their microcytaso by heating 
to or still retain a remarkable power OAcr the A'ibrios. 

'J'liese oi-ganisms no longer undergo granular transforntation, under 
22(i] the iidluence of tlie lieate<l body fluids, but they are <leprived of all 
Itower of motion, agglutinate into clumps and awpiire a siax-ial 
suseejAtibility to the action of cytaso. 8oon after the- discovery of 
Pfeiffer’s jjhenomenon, P was able to demonstrate that this granular 
tmnsfornnition can be obtained iu rifro undei' the folloAving con- 
ditions. i^’rej)arc a luinging drop witli the blood serum of a guinea- 
pig vaccinated agiiinst the cholei-a vibrio, a sei um Avliich has lost the 
]) 0 Aver of transfoi'ining, by itself, the vibrios into granules. Add to 
it a d)-op of the peritoneal lyinjAh of a normal unvaccinated guinca- 
l)ig; this lym])h contains <lead or living leucocytes and is, by itself, 
also incapable of in-oducing Pfeiffer’s iihenomenon. When, to the 
mixture ot thc.se tAvo fluids, Avhicli are inactive Avhen they are enq»loyed 
^ Jmi. di’ Pasteur, Piiri.s, 38y5, t. ix, p. 483. 
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separately, a few cholera Tilwios arc a(l(le<l, they are quickly traus?- 
f<»rnK^<l into <j:raiiules. This transtVmnation, olrtaiiied in rifro, is 
remarkably like that produced in the i)eritoneaI cavity of tlm \uii- 
dnated animal, 

•lules Bordet\ workin^r in iny laboratory, made a vei-y com- 
)>lete investigation of Pfeiller's ])lienomenon outside ti\e animal body 
ami found that, in my experiment, the ])entoneal Iym])l]i can be 
r(*i»kiccd by the blood scrum of the vaecinate<l guinea-pig without 
theri'by in the least hindering* the granular transformation. Aftev 
making a specially thorough study of the ipieslion he has come 
to the (‘oiiclusion that rfeitfcrs phenomenon is the result of the 
action of two substances. One of tljese is found in the blood senim 
;md ij) tho peritoneal fluid of ginnea-|>igs vaecinated against cliolera, 
)K‘at(’d to on' — otrO. or dej)rived by some otlnu* means of their inrii 
vidual ])Ower of transforiniiig vibrios i)ito granules. This substance 
resists this temperature and only loses its activity on being luxated 
to OlV - 70 ' (A The second of the two substances, tliat found in tiu' 
j)eritoneal lymph or in the blood serum of the normal guinea pig, 
is, on the otlier liand, destroyed at 55' — 5(f' (A ami is nothing but the 
ordinary eytase (or alexine ) firescmt in the fluids of normal animals. 

The facts we have <h‘s(‘ril)ed with regard to PfeifUn's ])lienorneuou 
in the body fluids of immunised animals must, then, be intertireted 
as follows. The fresh ])erit(>ueal exmlatiou or Idood seium of these 
atiimals readily produces the granular transibnnatiou, because in 
these fluids lM)th tlie two necessary substances ai'e found, Pmt as 
microcvtaso is a very unstable substance whici), under the influence [227] 
of tijue or heating to ar)" — .afP (A, is <lestroycd, the fluitls of im- 
munise<l animals are very readily deprived of it. The blood serum 
then, after being some tiuu? outside the body, becomes incapalde of 
transformi)ig vibrios into granules; but when to it is added a small 
quantity of the eytase, found in the blood serum or in tlie peritoneal 
lymph of the normal gninea-i>ig, flic transformation takes jjiace willi 
great rapidity. To the serum of the immunised animal, which lias 
become inactive, is restored its profierty of setting up Pfeifler's 
phenomenon. This interpretation, fonniilatcil by Bordet, corresiiomis 
to the whole of tlie known data and is now generally MC(*e|>ted. 

As the fluids of immunised animals, that have become incayialile 
of transforming vibrios into granules, still retain their power of 
rendering these organisms motionless and of uniting them into 
^ Ann. f/e Clnsi. l^asteury i'aris, 1805, t. ix, p, n‘“2. 



clumps, it might be asked whether this agglutinative substance might 
not be the substance, stable under heat, whicli is necessary for the 
production of I^feilfer’s phenomenon. For some time, indeed, it was 
l)elieved that this ]>heiionienon is due to the microcytase acting on 
vibrios which have first been modilied by the agglutinative sub- 
stance. This latter sulistance resists lieatiug to 55' — 50 C., is only 
destroyed at higher temperatnres, and is retained in the blood serum 
long after the cv taso has entirely di.sa|>peared 11ie analogy between 
the agglutinative substance of the Iluids of animals that have acquired 
immunity and the substance in the same fluids that is stable under 
heat is uiuleniable, and yet tliesc two substances arc not identical, 

whole series of ol)servations, which we sliall [)resently descril)e, 
demonstrate this thesis clearly. A serum may be Itighly agglutinative 
without being ca])al)le of bi*iiiging about the transformation of vibrios 
into granules ; the converse also holds good. The substance wiiieh sets 
up I Teiller’s j)lmiiomenon, and which is found iii the fluids of immunised 
guiiu'a-pigs, is a ‘‘fixative substuiiee^’ analogous to those we have 
already met witli in tlie serum.s of animals so adapted tliat they are 
able to resorb the various cel! elements. As in the resoipdion of cells, 
so also in the destruction of microorganisms, the fixatives are s|)ocitie. 
The substance which aids the trauslbrniatiou into granules is not only 
distinct from the fixatives wJiicli seiisibilise rial blood corimseles or 
s|)ennato 2 o;i, but also fjom the fixatives wldcli sensiliilise bacteria. 
Tlris sjiecilicity has been demonstrated and carefully studied by 
Pfeiirer, who has shown that it may even serve to distinguish si>ccics 
[!2‘2S|of bacteria. The serum of a guiueaqMg which has been immunised 
against the cholera vibrio, will render sensitive these vibrios, and 
tlu'sc only, lo tlie aclion of the iiiieroeytase. Ibeu allied vibrios, 
such as various water vibrios, for example, are not sensitive to the 
fixative of aiitieholera serum. On thi; other hand, the serums ob- 
tained after the inoculation of these aijuatic vibrios arc inca])able of 
producing granular transformation in the cholera vibrio. 

Wlieu we inject into one and the same animal several species 
of vibrios we obtain a serum or a tieritoneal fluid which produces 
PfeitVer’s |>henomeiion with the vibrios of all the species which have 
\mm used to make the inoculations. T1iis aiitivibrio scrum contains 
only a single cvluse for the vibi-ios, but contains as many different 
fixatives as there were species inoenlated. 

1'he transformation of vibrios into gramiles, when j)rodueed in a 
high degree against virulent vibrios, tinder the influence of the body 
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lluids of iinniuuised animals, attbrds a very valuable iiulication of tlie 
siinulbineous presence of cytase and of si)oeific fixative. As we liave 
already stated, at the coinmeiicernent of this aceount of tlu' accpiirod 
iinumnity of ^'uiuea-pigs against the cholera vibrio, riellfer’s pheno- 
menon is manifested in the })eritoneal lluid of these animals in a 
very short time (5 to 20 minutes) after the inoculation of (lie vil)nos. 
d’liis proves that in this fluid the two substances really occur toc;etliei*, 
and that the fi.xativo and the cytase arc in sohition in tlie plasma of 
the exudation. Is it the same in every ])art of Ihc body of immunised 
guinea-pigs? If, instead of introducing the cliolera vibrio into the 
peritoneal cavity, we inject it into the subcutaneous tissue or inb) the 
anterior chamber of the eye of these aniimds, Pfeifier’s ])henomenon 
does not make its ap))earance. Tlie vibrios, isolated or collected into 
sinall clumps, do not undergo granular transformation ; they keep 
(lioiir normal vibrio form and remain alive much longer than in the 
[peritoneal cavity. Some of them may be found still living 21 hours 
after subcutaii(‘ous injection and sevoi'al (1 — 0) days in the anterior 
1 ‘hamber of tin* eye. Xor can Pfeiffer's phenomenon bo observed when 
the cholera vibrio is introduccul into the oedema of tlie foot, pro- 
duced in conse((uence of the slowing of the circulation, the vibrios 
remaining alive for a fairly long time. These facts clearly indicate 
that in the fluid tlirown out in passive oedema, just as in the a/pieous 
hnmour of tlie eye or in (he subeiitaneous tissue, the two substances 
ucces^ary to set up the granular transformation ai*o not jiresent. Are 
both of them absent or oidy one? This question is easily answered [-22:1] 
on adding to the fluids mentioned normal guinea-pig’s serum, a 
serum which, by itself, is incapable of producing Pfcilfcrs [ihcno- 
menon. Bordet' has made these experiments and found tliat when 
to the fluid of the [lassivc oedema of the immunised guimai-|>ig 
normal serum is added, this flui<l transforms the cliolera vibrio into 
granules, but does so in less degree than <loes the serum of f lie same 
immunised guinea-pig, when lieated to -- oG C., to wliicli normal 
serum has likewise been added. There is, then, I’cason to conclude 
that the fluid of the oechaua does not contain any cytasc, but eontnins 
a certain quantity of cholera fixative, less, however, than that which 
is found in the blood serum. As to the aqueous humour of the eye 
of immunised animals, analogous experiments have (lenumsf rated 
that it contains neither of the two substances iiecessarv for the 
production of Pfeiffers phenomenon. 

^ “Contribution a lotuile du »orum chez IfiS aiiinmux vaociiu-s, ' Auk. S<>c, cl. sc. 

KKf. mM. dc JJrtu'e/b^Sj t. iv. 
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With the help of the facts I have here suniniarised, we anlve at 
the following eonclnsion. In the animal that is immunised against 
the cboleva vil>rio, niicrocjtase is found in the pci*itoneal exudation ; 
it does not pass, liowcver, either into the fluid of the passive oedema 
or into tl»e aqueous humour of the eye : the cholera fixative is 
found in the peritoneal fluid and passes into the (XMleina, l)ut 
does not peiu trate into the fluid of the eye. 1'his indicates that 
inicrocytase is found in fluids rich in leueocytes, but is al)seut from 
those whicl) contain very fevv or none of these cells. 

1'ho introduction of vibrios into the peritoneal cavity of immunised 
guinea-pigs at once produces Pfeitter's ])henomenon, and at the same 
time causes the <lisappearance of the majority of the leucocytes from 
tlic ])e]*itoncal lymph. We have already had occasion, several times, 
to speak of this phagolysis, because it is pi-odnced as a scujucl to the 
injc'ction into the ]>eritoneal cavity of blood, s])crmati(; fluid, ami all 
kinds of fluids. The greater the quaiitity of fliuM injeetod and the 
greater the diflerence of the temi)erature between it and the contents 
of the normal peritoneum tiie more vigorous is phagolysis. 

Pierallini‘, working in my laboratory, studying phagolysis in the 
peritoneal cavity of the guinea-iyig, has obtained several results 
worthy of attention. Of all the fluids used by him, such as water, 
broth, filtered cultui'es of micro-organisms and pliysiologieal saline 
1 230] solution, the last of these caused the least intense pljagolysis, yet 
one sulliciently well marked. Immediately after the injection of any 
of the above fluids the number of leucocytes iii the peritoneal lymph 
diminishes very considcnibly, the cells Vicing found colleilod in 
clumps on the omentum. Many of them cxhiliit signs of enfeeble- 
inent and of partial destruction. Alongside tlie leucocytes are found 
fibrinous massc's, this affording evidence that some of the leucocytes 
liave lu'en greatly damaged ami have given u)) the fibrin-fiM’ineut 
wliieh induces coagulation of the fibrin. When Pierallini iiijoeted 
llui<ls containing coloured jiowdors in suspension, such as Indian ink 
and vermilion, lie observed that these sulistanccs accumulated on the 
greater omentum, which liecamc .stained lilack or red. Microscopical 
examination revealed the exi.stcnce of a not very intense phagocytosis 
ami a number of free coloured granules in the ini<lst of filaments of 
fiVirin. 

The leucoeytes which, during this phagolysis, allowed the filirin- 
ferment to escape might also give up a cerbiin amount of their 
inicrocytase. This microcytase would [lass into tlie ])critonoal fluid 
^ Ami, de I'InsL Pasteur, Paris, i897, t. xi, p. 30S. 
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iin<l .ixive rise to Pfeiffer’s plienomotion. If this liypotliois ho oorrect, 
tlie suppression of phagolysis would result in the jibseMoo of the trans- 
formation of tlic vibrios into granules. It is not a (liilicult matter 
to verily this hypothesis as we have a means of preventiuii: phago- 
Ivsis or at least of reducing it very considerably, 1ssaelf\ in an 
investigation carried out in Pfeiffer’s laboratory, dcnnaistratcd that 
an intraperitoneal injection of ])hysiological salt sedation, broth, 
urine, etc., reinforces the leucocytes and brings them up in large 
uumlKTS into the peritoneal cavity. It is easy to fon^sia- that sncli 
a!i injection Avould serve to diiniTiish the intensity of the phagol>sis. 

In fact, if we first inject a few cubic ceutiiiietres of physiological salt 
solution or of fresh broth into the peritoneal cavity of a guinea pig, 
and if, on the following day, we repeat the same operation, we shall 
find that after the second injection jdiagolysis is much less powerful 
tluHi after the first. Pierallini, who repeated these cxi)eriments, 
observed that the pliagocytosis of the coloured granules is mucli 
more complete in the guinea-pigs that were treated by a preliminary 
injection into the peritoneal cavity. The aniount of lilaiii on the 
(unentnm is in this case much less, and the plienormum as a wliole 
show that ill these guinea-pigs the damage to tlic leucocytes is very [2;u] 
considerably attenuated. 

We liave been able to dimionstrate that in the ease wluu'e i>hago- 
lysis is thus diminished, Pfeiffer’s jihenomonon is not produced or is 
manifested in a very feeble degree. If tlie experiment succeeds, tlie 
ffuid taken from the peritoneal cavity of a guiuea iug jirejiared the 
day before and then injected with a culture of (Jiohua, is opaipic 
and thick, like pus. It contains a mass of leucocytes in good con- 
dition, a large number of whicli gorge themselves in a few minutes 
with a number of vibrios. 1’lic plasma of this exudation contains 
few vibrios, ami these retain tlieir normal form and do not exhibit, 
save excejitionally, a granular cliange. A little later there remain 
no free vibrios ; they arc all contained within leucocytes. Jff’eiffer-'* 
declared himself against tlu' facts 1 have just summarised, iiecause he 
was never able to prevent the granular transformation of tiu" vibrios, 
in spite of the preparatory injection of sodium chloride. Abel ^ who 
repeated the experiments, expressed an intermediate view: in guinea- 
jugs [irepared by injections the day before, he observed that one 

^ Zfsr.hr. f. Leipzig, 1894, Bd. xvi, 8. 287. 

- Deutsche me<e Wchmrhr., Leipzig, S. 120. 

^ Centralbl. f. Baklerhd. u. ParasliruL, P*" Abt, Jena, iSIUi, Ld. xx, 8. 761. 
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portion of the vibrios ])e(*Mme transformed into granules, whilst 
anotljcr became the prey of tlic leucocytes. I'lie fact is, the sup- 
pression of jdjagolysis doinancls s])ecial conditions ; tlie broth that is 
injected must b(‘ heslily prepared, and before its introduction into 
the peritoneal cavity it niiist be heated to :i7"— MO (1 when 

these j)rec:uiti(ms are taken it sometimes hapi)ens that the experi- 
ment is m)t very successful, fn making the experiment Ave must be 
gui<led by the ujipearariee of the ])critoneal fluid Avithdrawn into 
the small glass ])i]H‘ttes. If the" fluid Avliich enters the tube is clear 
or scarcely clouded, it indicates tliat phagolysis has taken place, in 
sj)ite of tlie preiAaratory injection. Tlie experitnent is snccessful 
in those cases wlicre the peritoneal exudation is very cloudy and 
resembles )ms. 

As the denionsiration of the supjiression of rfeiUer's plicnomenon 
as >Yell as that of i)hagolysis is of fumlameiital importance, 1 asked 
y\. (jlaniier^ to carry out further ex|>eriments with the object of 
setting the (jucsiioii at rest. Using a Avliole series of fluhls for 
the pi‘ei)aratory injection he found that fresh hi'oth gives the best 
[‘2;r2] results, lu guiuea-pigs in Avhich the jdiagolysis laid been reduced 
to a minimum, |)hagocvtosis eomrneiieed immediately lifter tlie in- 
jcetioii of the vilii’ios. In from tAvo to five minutes many vibrios 
are found inside tlie loueocytes, the free vibrios now being fcAV 
in number and not exhibiting Pfeillers plienonienoii. Gamier in 
liis niomoir gives jihotographic rejiroductions of leiieoc\ tes crammed 
Avilh vibrios; these shouhl convince the veriest >see])tie. Since the 
j)ublieation of this paper no objection has iiccn advanced, and this 
(juesiion of the sujipression of tlie granular transformation of vibrios 
may now be regarded as delinitely settled. 1 have since demonstrated 
this feature to many observers, all of Avhom liav<* assured tluanselves 
of its accuracy. U must, then, be accepted iliat rfeiUcr’s phenomenon 
is not jiroduceil in the |)eritonea] cavity except Avhen (here is phago- 
lysis. As this fact renders it very probable that the microcytase, 
Avliich is necessaiy for the transformation of the vibrios, escapes from 
the injured leucocytes, it becomes necessary to verify this hyiiothcsis 
by a series of other experiments. ' If this hypothesis be Avell founded, 
Pfeitrer s phenomenon should not be observed in those situations in 
the body where there ai*c no, or almost no, leucocytes already preseijt. 
These conditions can be realiseil by injecting cholera vibrios into the 
subcutaneous tissue or into the anterior chamber of the eye of guinea'- 
^ AfOi. ck' I' I nut, Pasteur, 181)7, t. Xf, p. 707. 
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pigs that are well Yacciiuitetl against the eholera vibrio. Tender these 
conditions, as I Imve deinonstnited in niy work on the extrsu'ellular 
destrnetion of cholera vil)rios, the vibrios retain their noiinal Ibnn 
and are never transformed into granules. Pfeiifer lias (pu-stiuiK'd 
this result, stating tliat beneath the skin of vaccinated guinea pigs 
the granular transformation is always produced, though in a more 
feeble fashion and after more delay tlian in the peritoneal eaviiv. 

eontradiction between rfeitler^s exi>eriments and iny own can. 
liOMX'Vcr, be explained. When inoculating the vibrios into the snb 
cntaneoiis tissue, or during tlie withdrawal of the exudation forim‘<l 
at the point of infection, small haemorrhages are sometimes produced 
and a certain amount of microeytase is set free tVom the Imicocytes 
found in the eirusioii of blood ; tliesc cells also give up to the extra- 
vasated blood a jiorlion of their fdirin-fernuml. Wlieu the ex|)eri- 
ment is suceessful, that is to say Avhen no haemorrhage is produced 
during the operations involved, the siibeutaneons exudation contains 
normal vibrios onl\, witliout the appearance of any trace of Pfeitler’s 
phenomenon in the fluid. 

If the extraecdlular transformation of the vilirios into grannies [ 
^vei•e tlu! r<‘al cause of the accp.iired immunity, the absence of this 
phenomenon in tlie subcutaiu^ous tissue of the vaccinated guinea- 
jug should lead to tlie death of tlie animal. As a matter of fact 
tins does not take place and the animal resists the inoculation of the 
vibrios. I'his conclusion is ojicn to one serious objection. As tlie 
cholera vibi io in the great majority of cases is incapable of |>roducing 
a fatal infeetion when inoculated subeutaueously, even iu normal 
nnvaccinated gninea-jugs, this example of immunity must be placed 
in the category of natural immunity, a kind of inmmnily wliieh may de- 
[Kuid on causes other than those on which acquired imimmity ilepends. 

1 o answ(U‘ this objection it was necessary to select a I’ace of vibrios 
capable, when injected subeutaneously, of causing death. MesniP, chief 
of my laboratory staif, undertook to carry out (‘Xjierimcnts with tin* 
Massowah vibrio, which is n/garded by some authors as helonging 
to the true cholera species. When inoculated sulicutaneously into 
unprotected guinea-pigs, it imluces local oedema, in which the vibrios 
swnrm ; the infection rapidly becomes gonenilised and causes the death 
of the animal in 24 liuiirs. Yet tliis vibrio, when injected into tin* 
subcutaneous tissue of well vaccinated guinea-iugs, is comjilotcly 
resisted by these animals an<l not the least trace of IMciffer’s plie- 
^ A/ut. (h I'lusL Pmk'ur, Paris, ISaij, t. x, p. .S7 >. 
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iiomenon is produced. Under these conditions, a certain number of 
the vibrios are at first united into masses, but a considerable number 
remain isolated and motile. Some hours after inoculation tlie number 
of clumps diminishes and tlie isolated vibrios become more numerous, 
a fiict ^vhich indicates a certain amount of adaptation of the vibrio 
to the medium in wliich it now finds itself. But never, so long* as the 
vibrios remain free in the subcutaneous exudation, do they become 
transformed into granules. 

Salimbcni\ in an investigation carried out in my lal)oratory, 
endeavoured to satisfy liimself whether or no Pfeifier s pheiiomenou 
is produced in the subcutaneous tissue of a horse that had been 
liyperimmunised against the cholera vibrio. This animal had, during 
a })eriod of 14 months, received considerable quantities of these micro- 
organisms, and the serum of its blood transformed the vibrios into 
granules with great rapidity and intensity. In si)ite of sucli favour- 
able conditions for the manifestation of Pfeifier s phenomenon, it 
was never pnxluced beneath the skin of this horse. The vibrios 
when injected in this |)osition became completely motionless in a 
[234] very sliort time, but they kept their vibrio form and remained alive 
for a number of hours. The exudation <lrawn off up to 24 hours 
after inoculation still gave growths of tlie cholera vibrio. 

As it is more easy to introduce, without elfusion of blood, tlie 
cholera vibrio into the anterior chamber of the eye than beneath 
the skin, and as the aqueous humour contains no fixative, the absence 
of the granular transfoianation in the first of these two situations lias 
been observed even by Pfeifier himself. The demonstration of this 
fact presents no difiiculty, and for a considerable period we may 
obsm-ve free and perfectly motile vibrios moving about in the aqueous 
humour. The exudation from the eye contains many of these living 
organisms, which when sown on culture media made their appearance 
as colonies even when the fluid has been uithdrawn from the eye 
several days after inoculation. 

These carefully established facts show very clearly that the micro- 
cytase is only met with in the fluids of the living animal in those 
situations in wliich there are many pre-existing leucocytes and under 
conditions in wliich tlie cells undergo a moi c or less marked phago- 
lysis. This may be corroborated by a decisive experiment. When 
Ave inject a vsuspension of the cholera vibrio directly into the veins of 
a gidnea-i)jg, well vaccinated against these organisms, and whose 
^ Ann, de. i’Insf. Pasteur, Paris, IS^S, t. xii, p. 199. 
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serum produces in vitro Pfeiffer’s phenomenon with great rajudity, 
this plienomenou is not manifested. This experiment lais been 
performed and described by Bordetb Having injected a suspen- 
sion of tliis vibrio into the jugular vein of a guiuea-i>ig vjiccinated 
against tlie cholera vibrio, he killed the animal an liour later and 
found, in the blood of the heart, vibrios that had kept intact their 
form and their property of staining with methylene blue. Cidtiva- 
tion of the blood of tlie heart, liver and spleen gave growths of 
vibrios. In another guinea-pig, hypervaccinated against tlie same 
organism and inoculated by tlie same method, the blood drawn off 
shortly (4 — 15 minutes) afterwards sliowed, in [ircparations treated 
witli methylene blue, well-stained vibrios, of normal form and quite 
intact. This is the most direct ])roof of the absence of Pfeiffer’s 
Xihenomenon in the blood fluid of a living animal that enjoys a very [ 
marked acquired immunity. The intact vibrios were lodged inside 
the leucocytes. 

Levaditi” repeated these experiments in my laboratory and varied 
the conditions under which the vibrios w'cre injected into the blood 
vessels. He was sometimes able to observe phagolysis of the leuco- 
cytes of the blood and their almost complete disaiipearancc from the 
the peripheral circulation. In these cases the injured leucocytes 
aijcunmlatcd iu the pulmonary cajiillaries and masses of them were 
seen suiTOunding groups of vibrios that were transformed into 
granules. It was, liowever, easy to exclude phagolysis by jireiiaring 
tlie animals by means of injections of jihysiological saline solution or 
broth. Under these conditions the leucocytes r•emained in the blood 
current and very soon ingested the vibrios. Whilst the vibrios that 
Avere still free in the blood plasma retained their form and staining 
jiower intact, those found inside microphages Avere already, in great 
part, transformed into granules. Hie rapiility Avith Avhich these 
phagocytes ingest the vibrios and set up the changes in them is really 
extraordinary. 

In this case, which affords a typical example of the reaction of the 
animal organism in aapiired immunity, we see a very marked and 
immediate phagocytosis. It is this same process that has already 
been described as occurring in the peritoneal cavity of vaccinated 
guinea-pigs in Avhich phagolysis was absent as the result of jae- 
paratory injection. In the subcutaneous tissue and iu the anteiior 

’ Arm. Soc. d. sc. wed. ef, nal. de Brujcellcs, 1 Sft '), t. iv. 

’ Ann. de I' Inst. Basleitr, Paris, 1901, t. xv, 2>. ■'^9 ). 
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chainbei’ of tlie eye, where Pfeiffer’s phenomenon is regularly absent, 
the i)hagocytosis follows its ordinary course and causes the destruction 
of the vibrios. This result has been confirmed repeatedly — see works 
by Bordet, Mesnil and Salimbeni already quoted. 

We need only compare the extension of Pfeiffer’s phenomenon 
and that of pliagocytosis in animals that are immunised against the 
cholenv vibrio, to satisfy ourselves that the former plienomenon is a 
limited one whilst the latter is general. There miglit be advanced 
against the latter conclusion the fact of the absence of any ingestion 
of the vibi'ios in the peritoneal flui<l of guinea-pigs that arc im- 
[2.36] nmnised but are not preserved against pliagolysis. When a little of 
the [(critoneal fluid is drawn off' with small tubes shortly after the 
injection of vibrios into the [)eritoneal cavity, as a matter of fact, only 
a very intense Pfeiliei-’s plienomenon is seen, phagocytosis being com- 
pletely or almost entirely absent. But this procedure is insuflicient. 
If we are to get Jiu idea of wliat really takes [dace in the abdominal 
cavity, the animal must be killed and the peritoncvim and especially 
the omentum very caretully examined. As first demonstrated by 
Max Gruber^ and later by Cantacuzene", <he greater omentum is, in 
these cases, covered with a thick layer w'hieh contains a large number 
of leucocytes, of w'hich some are filled with vibrios ; furtlier, this 
layer contains a mass of vibrios, in part transtbrmed into granules, 
in part agglutinated or isolated and retaining their vibrionic form 
intact. As time goes on, tlie pliagocytosis becomes more and more 
marked, and it is impossible to deny its existence or to attribute to 
it merely a secondary part. 

We have seen that the sn[)prossion of Pfeiffer’s phenomenon in 
the peritoneal cavity and in the lilood, or its total absence in the 
anterior chandler of tlie eye, does not in the least deprive the vac- 
cinated guinca-]>ig of its acquired immunity. The animal resists 
the vibrios perfectly, without these ^requiring to be transformed into 
granules in the body fluids. This transformation does take place 
undoubtedly, but only inside the phagocytes. As already stated in 
the discussion on natural immunity (Chaps. VI, VII) the vibrios, 
after being ingested by the microphages, almost immediately undergo 
within these cells a change in form, very similar to that observed in 
the real Pfeiffer’s phenomenon. The microphages are often full of 
a quantity of granules, derived from the ingested vibrios, which in 

^ AHinchen. med, Wchnschr., 1896, SS. 277 and 310. 

2 Jinn, de VImt, Pastnur, Paris, 189S, t. xii, p. 273. 
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a short time are completely digested. Tliis fact, of such constatit 
occurrence in the phagocytosis of the vibrios, furnishes us with still 
another proof of the micropliagic origin of microcytase. 

If Pfeiffer’s phenomenon is merely a particular instance of tlie t l ans- 
formatioir of vibrios into gi-anules in fluids containing microcytase, 
it is quite natural that its suppression should not involve a fatal 
infection of the vaccinated animals. On the other hand, if the phago- 
cytic reaction, so widely diffci-ent, rcidly plays an important part 
in acfpiired immunity, everything that interferes witl> phagocytosis 
must at the same time conq)romise the refractory condition. AVi til p37] 
tlic object of solving this question Cantacuzene\ working in my 
laboratoiy, undertook a detailed investigation of tins point. Tie 
showed that the injection of o])iiun, in a non-fatal dose, narcotised 
the guinea-pig and at the same time prevented the movements of 
the leucocytes. Small glass tubes containing cholera vibrios and 
introduced beneath the skin of vaccinated guinea-pigs, became filled 
with numbers of leucocytes in the nou-narcotised animal; in the 
guinea-pig that had received tincture of 0 ]>inm, the tubes loft for 
several hours contained no leucocytes and later only did they begin 
to enter the tubes. When a strong dose of cliolera vibrios was 
injected into the peritoneal cavity of thoroughly vaccinated guinea- 
pigs, the animals easily resisted the inocnlation. Wlien, however, 
similarly vaccinated guinea-pigs were submitted to the inihuaice of 
tincture of opium, the same dose of vibrios caused their death. Iri 
these narcotised animals, in S])itc of tlie considoralile dilatation and 
hyperaemia of tlie vessels and in spite of tlie marked liyperlencocytosivS 
of the blood, diapedesis was not produced daring the first lew hours 
after the injection of tlieopium, and it was not till later (5 to 6 hours 
after injection) that tlie leucocytes began to appear in the peritoneal 
cavity. Tlie vibrios jnofit by the jieriod of inactivity of the piiago- 
cytes to multiply, retaining their motility and also the i>roperty of 
staining with basic aniline dyes. When the retarded lencocytes make 
their appearance in the peritoneal cavity, tliey find it already invaded 
by a multitude of vibrios. In spile of this the leucocytes, es[)(‘clally 
the microphages, ingest an enormous number of the organisms ; tins 
does not prevent tlie dcatli of the guinea-pigs, though it takes place 
some hours later than in the un vaccinated control animals. At the 
moment of death, free vibrios arc no longer found in the exu- 
dation ; they have all been ingested by the micropliage.s, inside 
^ Ann, dc Idnst Pasteur^ Paris, ISDS, t. xn, [). 288 . 
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wliicli they have uiulergoiie grainilar transfornuitioiL On making a 
post-inortcm examiiuitioii of the animal a large number of small 
hcaj)s of vibrios, sucli as are never met with in animals that have 
not been submitted to the action of opium, are found on the omentum. 

All that is necessary, then, is to retard the phagocytic reaction 
for a few hours in order to cause well-vaccinated guinea-pigs to 
succumb to the action of the vibrios. One can readily understand 
[ 238 ] tliat, with this result before us, there can be no hesitation in at- 
tributing to ])luigocytosis a much more impoiiant part in assuring 
actpiired immunity than to rfeillers phenomenon. 

The study of other diseases produced by vibrios only serves to 
coiToborate the general conclusions that follow from the detailed 
study of the essential processes in acquiied immunity against tlio 
choleia vibrio. It is here necessary to recall the discovery by 
V. Behring and Xissen of the very marke<l bactericidal powder of 
the blood serum of guinea-pigs that liave beeji vaccinated against 
Gamaleias vil)rio. When tliis fact was liist demonstrated we were 
justilied in thinking that the vibrionicidal pro])erty of the blood 
might by itself explain tliis acquired immunity ; but a comparative 
study of the jilieiiomeim wiiich take place in vitro witli those which 
take place in the living animal, soon demoustrateil how slight was 
the Ibuudatiou for this liy[K)tliesis, Whilst the vibrios, when sown 
in the blood serum of hypeiTaccinated giiinea-jiigs, there perished 
in large quantities or even the whole of them, these same organisms, 
Avhen inoculated into the subcutaneous tissue of the same animals, re- 
maine<l alive for several days, (himaleias vibrio is much less capable 
of being transformed into granules than is the cliolcra vibrio, and we 
fiml it retaining its normal form even inside the leucocN te>s. Tiiere is 
no occasion in this case, thorefoi e, to look for Pfeiffer’s iihenomcnon, 

Tlie rapid and marked destruction of (himaleia’s vibi'io, in vitro^ 
in the blood serum of vacciuatcil guinea-pigs, and (he prolonged 
survival of these organisms in the living animal, aiford additional 
evidence that the two groups of phenomena cannot be identical. 
Ou the other hand, it furnishes a further proof that, during the 
preparation of the serum, there is produced, iiarallcl with the co- 
agulation, auotlier proeciss Avhicli confers bactericidal power on the 
serum. It is quite evident tliat, as in tlie case of tlie cliolei’a vibrio, 
Ave have here to do witli tlic liberation of microcytasc at the 
expense of the destroyed or injured leucocytes. Acting along with 
the siiecilic fixative of the body fluids, this cytase causes the death 
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of tlic vibrios introduced into the serum. In the living ori^iinism, 
the niicrocytase not being free, these vibrios, although iuHueuced 
by the fixative, resist until they have become the prey of the 
phagocytes. In an investigation which was tlie subject of ii coinniu- 
nication to the International Congress of Hygiene in London in 
189C, I demonstrated that the phagocytic reaction is produced wiUv[239] 
great intensity in guinea-i)igs that have been vaccinated against 
Gamaleia’s vibrio. The inoculation of this organism into the sub- 
cutaneous tissue, an inoculation which sets up a rapidly fatal infection 
in untreated guinea-pigs, gives rise in immunised animals to the 
formation of an abundant exudation, in whicli the numerous vibrios 
soon meet with resistance from the phagocytes. Tliese phagocytes 
ingest the living vibrios, retaining them for some considerable time 
in theii‘ interior, but in the long run always digesting them com- 
pletely. During tlie last phase of this struggle, we sometimes find, 
inside the leucocytes, vibrios that are transformed into spherical 
granules. It was with these cells, tilled with ingested viljrios, that 
1 was able first to carry out an experiment tliat has since been 
repeated again and again, always with the same result. AVlnm from 
a well-vaccinated guinea-pig a drop of subcutaneous exudation is 
withdrawn, at a stage when all the vibrios have for some time 
been ingested by the leucocytes, and transferred, in the form of 
a hanging drop, to the incubator at 35''— 3/"' C., it is found that the 
ingested vibrios develop inside the phagocytes which liave died out- 
side the animal. Tlie vibrios first fill the leucocyte and, continuing 
to multii^ly, cause the cell to burst when they distribute themselves 
in tlie Huid of the hanging drop (figs. 40 and 41). 1'his experiment 
proves, in the first place, that the vibrios liave been ingested alive, 
and, secondly, that the plasma of the exudation was incapable of 
pieventing their later development. 

Having summarised the principal phenomena exhibited liy vibrios 
in an animal iiossessing acquired immunity, we must now eiHpiire 
whether the mode of destruction and disappearance taking place in 
these vibrios is of general application. Naturally, we commence this 
study with the spirilla, which in many respects present a great 
analogy to tlie vilirios. The task is an easy one, thanks to a very 
eai’eful work recently published by Sawtclienko^ on tlie Spiroclifff fe 

^ [7'rfins. Sereal/i Internat. Coutfr. of Hyg. and Demoyr. Loinlon, ii, 

p. 179 :] Ayin, de Flmt. Padetii^ Fur is, 1891, t. V, p. 4 (>5. 

‘ Andt ruitites de Palhnl,^ etc,, St FtUeisb,, 1900, t. tv, p. 584; S.nvtcljciiko ct 
Melkich, AruL de IPmt, Pasleur, Paris, 1901, t. xv, p. 50;J. 
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ohermci/eri of recurrent fevei'. We know, from what has been said in 
Chapter VI, that the spirocliaetes found in the serum of persons 


Fin, 40. Vibrios (F. meUhnnwvi) devclopod inside 
a microidiage from a vaceinatecl guinea-pig. 


I’lo. 41, Vibrios (F. metchmJiovi) developed in a drop of exudation 
from a vaociiiated guint.‘.'i })ig. The vibrios have ruptured the 
mioruphage and scattered theniaelves in the lluid. 

attacked by this organism, are, in the peritoneal cavity of gninea- 
pigs, destroyed by the intervention of the macrophages. Tliese 
[210] pliagocytes guarantee the natural immunity of the guinea-pig against 
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the parasite of recurrent fever. In guinea-pigs, into Avhicli blood 
or serum containing spirilla lias been injected on seveial occasions, 
the destruction of these micro-organisms is effected in a different [ 241 ] 
way. When Sawtchenko introduced a number of Spiroehitcfe obey- 
meyeri into the peritoneal cavity of guinea-pigs so [ireparcd, he 
noted that they underwent a transformation resemlding that ob- 
served in Pfeiffer's phenomenon. In a short time tlie majority of 
these mici'o-organisms assumed the form of very delicate spirilla to 
which were attached round granules. There was not a complete 
transformation of the spirilla into granules, but a jiortion of their 
contents exuded in the form of splierical drops, 'fhe spirilla that 
exhibited these changes lost their motility and collected into chimps. 
There was undoubtedly an extracellular transformation of the Sjurilla, 
l)ut this took place only in the [>eritoneal cavity. When injected into 
the subcutaneous tissue of a prepared guinea-pig the sjarilla brought 
about t!ie formation of a firm lint scanty exudation in this situatiom 
In this exudation were found leucocytes eontaining spirocliaetes which 
retained tlieir normal form. These micro- orgaiiisuis were found ex- 
clusively in macro|)hages and gave no evidence of the oceinrence 
of Pfeiffers phenomenon. A like absence of tliis phenomenon was 
observed in normal gvuiiea-i>igs whicli had been injected subcutane- 
ously Avitli the same <|uantity of spirilla. In these animals, however, 
the oedema that appeared at the seat of inoculation was abundant 
and soft, and the disappearance of tiie spirilla, tliat is to say their 
ingestion by the macrophages, took place at a very much later i)eriod 
than in the prepared guinea-pigs. We have, therefore, in tliis respect 
a com])lete analogy with the vibrios: in both cases there is an absence 
of gi'anular transformation below the skin and an ingestion by the 
leucocytes of the exudation; on the other hand, we have IMeiffer’s 
phenomenon appearing in the peritoneal fluid. This analogy extends 
even furthei*. Thus, in guinea-pigs prepared by repeated injections 
of human serum rich in spirilla, Sawtchenko could suppress Pfeiftcr’s 
phenmnenon in the peritoneal cavity just as easily as in the case of 
the vibrios. All he bad to do was to inject a cei’tain ()uantitv 
of broth into the peritoneal cavity of his immunised guinea jags. 
Twenty-four hours later, on introducing si>irilla into the anijuals at 
the same site, they retained their motility for hours, did not exiuhit 
any granular transformation and were ultimately completely ingested 
by the macrophages. 

These fticts lead us to conclude that the fate of the vspirochaetes 
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of recurrent fever iii tlie organism of guinea-pigs pi‘eparefl by pre- 
vious injections is governed by laws the same as tliose established 
for ac(juired immunity against vibrios. The s})irilla are ingested and 
dcsti-oyed by the phagocytes, except wliere pliagolysis occurs, in 
whieli ease the cytase, being set free, attacks the micro-organisms 
outside the leucocytes. 

After Ids discovery of tlie granular transformation of vibrios, 
11. rfeilfer, in collaboration with several of his ])U])ils, set himself to 
discover how far this phenomenon was general in ac(piired immunity. 
He directed his attention to the typhoid cocco- bacillus. u]>ou which 
lie liad already pul)lished*^ a very detailed account of woi-k carried 
out in eon/junction with Kolle. These observei*s availed tliemselves 
of the discovery made by Beiinier and Pei})ery and Chantemesse and 
AVidal" and confirmed by other observers, that lal>oratory aidmals, 
esiiecially ndee and guinea-pigs, could lie easily vaccinated against 
the fatal disease set up by the micro-orgaidsm of ty|>])oid fever. As 
in the experimental infeetiou of tlie guinea-pig by tlie cholera vibrio, 
the vaccination of the animals against the typlmid bacillus could be 
carried out vciw easily, cither by using sterilised cultures or (lie fluids 
of cultures deprived of their orgauisms by filtration. In liie small 
laboratory ardmals a most marked acquired immunity mav tlins lie 
obtained, and ll»e study of the jihenomena which a])pear in the 
Yaccinated organism afforded evidence of a gcnei’al analogy with those 
Avhieh have been observed when vilirios are used. In the peritoneal 
cavity of tlie immunised guinea-pigs, Iffeifler’s plieuomeno)i projier 
<loes not appear, that is to say, only a few of the Viacilli are trails- 
f<)rme<l into grannies, the large inajoritv retaining fhoir liacillary 
form ; still they are evidently greatly damaged: they become motion- 
less and agglutinate more or less completely into clumps. If however, 
a few of these micro organisms are sown on nutritive metiia, tliey 
imi]ti[)ly freely and give abundant growths. The peritoneal fluid, 
then, acts most unmistakably upVin the t\[)hoid bacillus, but iu 
a much less degree than does the peritoneal exudation of guinea- 
pigs upon the cholera vibrio Avheii imnuiiiised against that orgiinism. 
In both cases we have a pronounced [iliagolysis which sets free the 
microcytase, whose action ou the vibrio is more marked tlian ou 
the bacillus of typhoid fever. This extiacellular action ou the 

^ Ztsckr.f. Leipzig, ISyG, Bd. xxr, S. 203 . 

" Ihiit 1S87, Bd. II, S. UO. 

^ Ann. de Vlnst. Piutem\ Paris. 18J)2, t. vi, p. 7,75. 
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t 3 ]ilioi(l bacillus in the jieritoncal cavity can bt^ easily jn'cventefl by 
a previous injection, twcnty-fotir hours before, of Inotli, piiysiolojiical 
salt solution, or normal serum. The suppression of phag'olysis is, as 
in the case of vibrios ami spirilla, folloneil by the suppression of 
extracellular action on the typhoid bacilli. 

Tlic same analogy 4s observed in the phenomena winch apjH-ar be- 
neath the skin. The bacillus of typhoid fever, when introduced into 
the subcutaneous tissue of vaccinated guinea-pigs, although not ajipi e- 
ciably iriju)C<l by the fluid of the exudation, undergoes some agglu- 
tination. The injurious action of the fluids of the body is liere still 
less effective than in the j)eritoneul cavity. But, as in the ireiatoneal 
cavity of vaccinated guinca-iiigs previously treated with l)roth, so in the 
subcutaneous exudation it is the phagocytes which destroy the niicio- 
organisms. In both cases tluTC is a very great iiiliux of leucocytes, 
mainly niicro[)hages. Tlieso cells ingest and digest the Ijacilli, which 
ultimately disap]icar. The micro-organisms ingested by the micro- 
phages, once inside these [thagocytes are traiisforuK-d into granules 
very like tliose observed in the cliolera vibrio similarly treated. In tins 
respect the analogy between the two micro-organisms is complete. 

Oj»]>e!, working in my laboratory, has re[)eated (lantacuzi ne’s 
work on the retarding action of oi»ium upon tlie jthagocytic i>roc.ess. 
lie obtained tin; saine results: under the influence of the narcotic, 
the leucocytes intervened oidy at a late stage, with tiie result that 
the vaccinated guinea-j)igs succumbed to the typhoid infection. 'I'he 
same conclusion must be drawn from the ex])erinients made by 
A. Wassermannb (luinca-pigs that had been immunised iigainst the 
Ijacillus of typhoid fever were com]»letely resistant to a dose that was 
idways fatal to the control animals. When, howevei", idong with this 
dose of bacilli, a certain <piantity (3 c.c.) of a serum which hinders 
the j)iiagocytic reaction is injected, the guinea-pigs lose their im- 
munity and die from typlioid infection. The scrum em|>ioyed by 
Wassermann was obtained from nibbits that had been treated ^^ith 
the blood serum of guinea-pigs. Babbit’s serum, thus prepared, 
neutudises the action of the guinea-]>ig’s cytase, but, as demonstiatcd 
by Besredka^, it also exercises several other functions, 07ie es]) 0 cia]l_v, 
that of preventing phagocytosis. I?i Wassermann’s cxpeihiunts it 
was the antiphagocytic function, then, that was the important factor 


^ Zlmhr.f. ITjfff., Leipzig, 1901, Btl xxxvir, S. 17:i. 
‘ Ann. de I’/nsl. PasUiw, Farb, 1901, t. ,xv, p. 20!). 
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in tlie suppression of tlie acquired innnnnity of the guinea-pi 
These experiineiiis supidy a fresh proof of the great iniportanee ot 
the phagocytic reaction in this kind of immunity, and afford further 
confirmation of tlie analogy between the mechanism of resistance of 
the aniinars organism against the typhoid bacillus and that against 
the eliolera vibrio. 

Ill presence of this striking analogy, it is unnecessary to insist 
further on the tletails of the acquired iminunity of animals against 
tlie exi>crimcnlal disease set up by the micro-organism of typhoid 
fever. It will be better to select anotlier example from tlie group 
of bacilli. Let us iirst take the acquired immunity against the ' 
biicillus of blue pus which for many years has 

been regarded as the best example in whicli to study this kind of 
jinniuiiity, Oliarriu, who was the Iirst to olitaiu disease with this 
bacilins exiierinuiitally, published several notes^ on the acquired 
immunity of tlie rabliit against it. lie deuionstrated the jiossibility 
of Miceinating this animal not only with living bacilli, but also with 
the pi*()(.lucts of their culture; lie studied the blood serum of vacci- 
nated animals, (jom|)aring it with the vsenuu of normal rabbits, 
esiiecially as to its action on the development of the BaciUifs^ pffo- 
q/(mcffs. Although unable to tiiid any liactericidal power jiroficrly 
BO called in tlie scrum of immunised rabbits, (Jliarriu was the first 
to draw attention to eertaiu modilications undergone by tlie bacilli 
when grown in this medium. He noted that under these conditions 
no pyocyauin was produced, and, in collaboration vvitii Jtoger, lie 
deinoustrated tliat, in tlie serum of the vaccinated rabbit, the Badllus 
pyorifaHvm forms packets comjiosed of little chains of greater or 
less length, whilst in the .serum of the normal, susceptible rabbit, 
it develo])s in the foi ni of normal rods, tlio rods for the most part 
being isolated. 

From his expciimcnts in vitro Charrin concluded that there 'was 
marked enfeebleiuent of the functions of the Badllm pyocyanem 
wlien submitted to the action of the vaccinated animal organism. 

[ 245 ] iiouchard" has gone so far as to develop a tlieoiy of acquired 
immunity, in which tlie principal part is attributed to the impos- 
sibility of the micro-oiganism, after it has invaded the refractory 
animal, secreting its fluid [iroducts; there is no vastailar dilatation 
and diapedesis docs not take place. A comparative observation of the 

^ Couipt rend. Snc. de hloL, Paris, 1889, pp. 259, aau, ( 3*27 ; 1890, pp. 209, 992, 195. 

- “ Les microbes piithogeiios," ruris, 1802. 
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l)heiioinena observed in rabbits tliat are susceptible to the pyocyanic 
disease and of those met with in vaccinated rabbits, most clearly, how- 
ever, demonstrates the impossibility of accepting Bouchard's intcr|)ve- 
tation. The inoculation of the bacillus of blue i)us below tlic skin of 
the ear of tlie normal (iin vaccinated) rabbit Ksets up extensive innam- 
inatory reaction with marked hyperacmia; the diai)cdesis of the widte 
corpuscles takes place at a comparatively late stage of the process 
and phagocytosis is neither set up nor comjdeted until very late. 
On tlie other hand, in vaccinated rabbits, infected in the same way, 
the hj peraemia of the ear is insignificant, but diapedesis occurs very 
early and phagocytosis commences at once. It is not, tlierefore, the 
impossibility for the leucocytes to traverse the vessel wall, owing to 
tl]e absence of tlie dilatation of tlie veins, which iirevents tliein from 
making their way rapidly to the field of battle : it is tlieir imperfect 
positive sensitiveness that is accountable for the tardy and incom- 
jilete jihagocyto.sis. This intcipretatiou is confirmed in otlicr cases 
of acquired immunity. 

More recently, Paul Muller^ has laid special stress on tlie part 
played by the bactericidal action of tlie serum of animals that have 
been vaccinated against the pyocyanic disease. For him tlie negative 
results obtained by Ids predecessors lose their significance, since all 
tlieir experiments wore carried out under comlitions of aiirobiosis, 
wliilst it is only in the absence of free ox3geii tliat tliis bactericidal 
l>ower can be exerted at all frecl^y. Muller, therefore, set himself 
to compare under anaerobic conditions the bactericidal action on the 
Bacillns pjjoeyaneus of serums coming from normal and from vacci- 
nated animals, lie succeeded in demonstrating that tlie bhxxl serimi 
of vaccinated animals is more bactericidal than that of normal 
rabbits. Before, however, di'avving any conclusion from tliis obser- 
vation, tlie following question must be answeied: Are tlie phenomena 
observed iu vitro comparable with those seen in the living animal? 
In preceding chapters it has been shown so often that the blood 
serum obtained after the separation of the extravascular clot, can 
in no way be identifieii with the plasma of tlie circulating blood, [ 
that it is unnecessary to argue this matter further. If we wisii 
to gain a clear idea of the mechanism of immunity in the liviii:; 
animal we must oliserve the course of events in the vaccina l ed 
animal and not draw conclusions from observations in vitro except 
after strict examination. All the works on pyocyanic iimnunity 
^ CeniralbL f. Balder ioL u. ParaulenL, P® Abt, Jena, lyoo, PJ. xxmii, 8, 577. 
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above Hunimarisod lie under tlie reproach that in tlicni this rule 
has not been adhered to. 

Since the discovery of Pfeiffer'B phenomenon in animals that have 
been vaccinated a<>;ainst the cliolera \il)rio, mucli greater care lias 
been taken to attend to the changes that occur in the animal that 
enjoys acquired immunity. WassermaniP was tlie first to attempt 
to a])ply Pfeitter's discovery to tlie Witli a race 

of tins bacillus I'endercd more virulent he succeeded in producing a 
fatal exjierimental malady in the guinea-pig against which he was 
able by various mel hods to vaccinate these animals. 

Jle thus describes the phenomena observed in the peritoneal 
cavity of immunised guinea-pigs. Soon after injeittion the liacilli 
of blue pus become motionless, then ‘Hlie rods swell up and melt, 
like wax in hot water. The formation of grannies, sucli as occur in 
the cholera vibrio, has been observed but rarcl)^ The process recalls 
rather that which takes jdace in experimental typhoid fc\(;r, as 
described by R. Pfeifler. In all cases the plienomenon of solution talces 
[dace entirely in the fluid of the exudation, witluuit any co o[)era- 
tion on tlie part of the leucocytes'’ (]i. 2fM). We see that hav(^ 
still to do with a kind of attenuated Pfoiifcr s [dienomcnon, M’ithout 
any granular ehango, but with an immobilisation of the liacilli. As 
Wassermanu has remained satisfied with the examination of the 
jierltoneal content which, as we know, gives but an inqierfect picture 
of acquired immunity, Gheorgliiewsky- set himself to study the 
question more thoroughly under my direction. With tliis object he 
vaccinated a seiaes of guinea-pigs with living bacilli of Idue pus, 
a sure mctliod of obtaining acquired immunity. On examining the 
[leritoneal lluid (withdrawn shortly after the injection of the bacilli) 
of the vaccinated guinea-pigs, lie fouml that the bacilli were motion- 
less and had undergone a certain degree of agglutination. They were 
[247] not transformed into granules but became thicker and somewhat more 
dumpy. These changes are observed during the period of phago- 
lysis, when only a few scattered leucocytes are to be fimnd in the 
fluid of the jieritoncal cavity. About two hours after tlie injection 
of the bacilli the leucocytes begin to reajijiear in the peritoneal 
exudation, more especially tlie mierophages, wliich lose no time in 
seizing the bacilli, some of which become transformed into granules. 
A few hours later the exudation, coutaiuiug a multitude of leucocytes, 

^ yj,<r/u\/. HiJihs Leipzig, 1890, xxii, 8. ‘20;l, 

^ Anti, de Clmt, Pasteur, Taris, 1899, t. XJii, p, 298. 
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HO longer contains any free bacilli: all arc fonnd inside the niicro- 
plia.tjes. Nevcrtlieless, if a drop of the exudation now Vie withdi-awn 
and kept for some time at a temperature of ?>T C., it will be fonnd 
that the bacilli inulti])ly inside tlie dead phagocytes outside the 
animal. We tims obtain colonies of bacilli, a fact Avliich eU'urly 
proA'es that these baailli whilst .still alive have been ingested by the 
leucocytes. This experiment is, therefore, very similar to the one 
we have describe*! in connection with (jamaleia’s vibrio. 

Even at a later period, 24 or 30 hours after the injection of the 
bacilli, that is to say at a period when an examination of the exu- 
dation no longer reveals the presence of bacilli, tlie sowing of a drop 
of this exudation on a nutrient medium still gives isolated colonies of 
the BucUIhh pjiocytinem capable of pi’oducing the characteristic 
pigments. At a still later iieriod, when the jteritoneal exudation 
remains sterile, a post-mortem examination of the animals enables 
one to recognise, beneath the peritoneal surface, small white points 
made n]> of leneocytcs. The sowing of tiiese masses almost invariably 
gives colonies of tlie BurJllus pyon/umns wlvich form blue i»igments. 
Wc see from this account that, even in the peritoneal cavity of 
vaccinated animals, matters by no means go on in a uniform fashion, 
SIS would a]>i)ear from Wassermann’s .statements. Some l)actei’icidal 
action in the pei'itonea! fluid there cc'rtaiidy is, but it is <put(! 
ti-ansicnt, and is limited to the i>eriod of jvhagolysis. The majority 
of the bacilli resist this attack of the body fluids to continue their 
struggle with the ])hagocytes, which, however, vdtimately get the 
up])er hand. In the subcutaneous tissue the part ])layed by this 
phagocytic reaction is still more general. Gheorghiewshy has studied 
it not only in vaccinated guinea-])igs but also in a goat which had 
received several large injections of the BucUluii pyocyanciis. lie 
observed that shortly after the sid)cutaneous injection of these bacilli, 
the fluid which accumulates at the seat of inocnlation renders them 
motionless and in i>art agglutinates them. Tins fluid is clear and 
contains a few leucocytes and a number of bacilli which still retain 
their usual foi'm. Some time later the leucocytes begin to come 
u}* to the seat of inoculation and to ingest the bacilli. .\t the end 
of 10 to 15 hours all the bacteiia have been seized by the micro- 
phages and we no longer find any of them free. A hanging droj* 
of this exudation, transported to the inculvator, soon swarms with 
bacilli which have sprung from the orgaJiisms ingested by tiie leu- 
cocytes. 
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The exudation becoinos more and more abundant at the seat of 
inoculation and ends in the formation of an abscess^ from the contents 
of which cultures of the BaciUvs pyocyanm^ may be obtained for 
a fortniglit. Tiie bacilli, however, finally disappear, this l)ei]ig due 
to the destructive action of tl)c phagocytes and not to that of tlie 
fluid of tl)e exudation. 

This fundamental pai't played by j)ln|gocylosis in acquii’cd im- 
munity against tlie Ikmllvs pyocyaneus has l)cen confinned by 
(dioorghiewsky by experiments on guinea-pigs vaccinated and then 
submitted to th<? action of opium. As in the analogous experiments 
of t'antaeuzcue lUi the cholera vibrio, the opium narcosis retards dia- 
j)edesis and tl]is, for some time, increases the chances of the l»acilti. 
A lardy diaiierlesis and phagocytosis, no d()!d)t, is [)i*oduced whieli ends 
in tlie ingestion of the bacilli, but the animal loses its acquired 
innminity and finally succund)s in spite of the tact that the dose of 
Bai'HluH pyucyuneas was insuflicicnt to kill a control gninea-pig vac- 
cinated to the same degree, but not submitted to the action of o|)ium. 

Tlie example we liave just anaivsed relates, tlien, to a miia’o- 
organism which is more resistant than are the vibrios, Oliermeyer s 
sjiirilla or even tlie typhoid bacillus, to the action of the microcytase 
which lias escaped from the cells during pliagolysis. The Barithts 
pyocyavms undergoes, in the fiuids of tlic vaccinated animal, the 
action of the S])eeiiic fixative and can thus be rendered motionless 
and become agglutinated. But this action is insuflicient to ensure 
immunity and should pliagoeytosis not take i)l;u.‘e in time. to ingest 
the bacilli, the vaccinated animal succumbs. The reaction of tlie 
phagoi ytcs is, tla rcforc, indis]>cnsjd>lc if the acquired immunity is 
to bo eli'eetive. In this respect the analogy is very great lietweeii 
tlie I’csistaiicc of the vaccinated animal against the various bacteria 
(vibrios, sj)ii'ocliactcs, ty]»lioid cocco-bacilli, liacilli of blue jius) that 
we have so for studied in this cliaiiter. These bacteria liave, however, 
this in common; — tliey are all endowed with a eonsideralfle power 
of motion. ITnsuing our examination of the principal data on 
acquired immunit} against inicro-orgauisms, wc must- now choose 
examples from tlie groiqi of non-motile bacilli ; amongst these we 
assign the first [dace to the micro-organism of swine erysi[»elas. This 
small bacillus has been the subject of several inqiortant rcseai’clies 
on acquired immunity, one of which at a certain peinod caused quite 
a sensation in the bacteriological world. h^mmericli\ in an iiivesti- 
^ ForUchr. d. Med.^ Berlin, 18 SS, lid. vr, S, 729 . 
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gation carried out in collaboration with di Mattel, made an unexpected 
announcement lie said he believed that lie wan justiiicd hi allinn- 
ing that the acquired immunity of rabbits against the bacillus of 
swine erysipelas is due to the formation, in tlie fluids of the body, of 
an antiseptic sul)stance which very quickly destroys this organisnu 
Tliis substance, secreted by the cells of the vaccinated animal, w 
sup]U)sed to act after the fashion of a solution of bicliloridc of merem y 
and to kill a large numl)er of liacilli, introduced subcutaneously, in tVom 
15 to 25 minutes. This discovery was not confirme<h In a series 
of experiments that I carried oiUd with the object of clearing up 
tliis question, and made under conditions as favourable as possible 
for the demonstration of the supposed bactericidal seci'ction, this 
action was never manifested. Not only did the virulent bacilli of 
swine erysiiielas, when injected sul)cuta!ieously into well vaccinated 
1 ‘abbits, remain alive in the subcutaneous exudation for liours and 
even days, Ivut the attenuated bacilli of Pastcni'S vaccines likewise 
remained intact These bacilli when introduced into the anterior 
cliamber of the eye survived for even a longer [leriod. Here, as 
beneatii the skin, the injection of the bacilli induced an exudation 
i*ich in leucocytes, amongst wiiich mieropliagcs predominated. These 
lihagocytes at once began to seize the liacilli which were destroyed 
not in the fluid of the exudation but witliin the leucocytes. liong 
after all the bacilli liad been ingested, 21 hours and more after 
inoeidation, the sowing of the exudation frecpiently gave growths 
in a])propriate media. 

Emmerich^ sought by nexv exjieriinents to remove these objections, 

1)ut he found that the bacilli of swine erysijKdas did not disappear [^oo] 
from the vaccinat(‘d animal until some 8 or 10 liours after they 
had been intro<luced. '^lliere is, therefore, no longer any (piestion 
of a ra]>id bactericidal axdion at all comparable to tliat of c<uTosive 
sidflimate, wliich would destroy the intro(luced bacilli in less than an 
hour. The limit of 8 to 10 hour:^, accepted by Emmerich, is still too 
sliort and is not in accordance with my experiments : but even tins was 
(piite suflieient for tlie aj^jicaranco of a- free phagocytosis, a condition 
that really occurs. Emmerich has not directed Ids researches in tins 
direction, and his theoretical conclusions did not in the least weaken 
the value of my arguments drawn from the <lcmonsti’atir)n of fhe; 
ingestion and intracellular destruction of the bacilli by phagocytes, 

^ A ntK de VInM. Pasteur^ Fyris, 1889, t. iif, p. 289. 

2 Arch./, Htjfj., Miinclicn u. Leipzig, J891, !><!. xn, S. 27;1 
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The resoarclies on immunity against swine erysipelas then lan- 
guished for some time, until the discovery of Pfeiffer’s plienomenon 
gave a fresli stimulus to the study of this problem. One of IToiffer’s 
pupils, Voges^, sought to ajiply the results oivtained in the case of 
tlie cliolera vibrio to the acquired immunity against the bacillus 
of swine c?ysi))elas. lie studied the blood serum of animals vacci- 
nated against this bacillus and believed himself justified in affirming 
the existence of an acquired bactericidal power. Under no con- 
dition, however, did he observe anything com])aral»le to l^feiffer's 
phenomenon, and he was compelled to admit that the bactericidal 
action of the serum is very feeble and only takes effect on young 
bacilli whose membranes are as yet very delicate and not voy 
j‘esistant. Mesnir’ rej)eated these researches in my laboratory, but 
his results Avere very different from those obtained by Voges. The 
blood serum of rabl>its, fully vaccinated against the l)acillus of swine 
erysipelas, ])roved to be a good culture medium for this l)acilJus, and 
Mesuil aflirms, as the result of numerous \vell-estal)lislied obser- 
vations, that hi vitro^ the serum of ral)bits immunised against the 
erysipelas has no bactericidal power or a very insignificant one.” On 
the otlier hand, the same fluid had a very marked agglutinative 
power. The bacillus of swine erysipelas, being non-motile, does not 
|)rescnt the abrujit change that is observed in vibrios or in the 
typhoid bacillus avIkmi submitted to the influence of si)eeific serums — 
under which conditions these organisms at once lose tlieir motility. 
Ihit the bacilli of swine erysipelas, when introduced into the specific 
scrum of vaccinated animals, nin togetliei* into masses which become 
i]more and more voluminous and fall to flic bottom of tlic vessel, 
leaving a limpid supernatant fluid. When this bacillus is sown in 
the serum of vaccinated animals, it is seen to develoj) iu the form 
of chains, comiioscil of a large numlver of segments, which fall to 
the bottom of the tube. These bacilli, however, whether agglutinated 
or developed iu (chains, never slidw any attenuation in virulence. 
When the serum which Ivatlies them is got i*id of by Avashiug, they 
are just as vii’ulent as are the bmalli developed in the serum of 
normal unvaccinated raV)V)its. It is important to show that this 
virulence is kept up in s})ite of the fact tliat the bacilli, wlieu i>laced 
in contact with the serum of iminiuiised animals, become permeated 

* Ztschr.f. Jlin/., Jjeipzig, JSOO, Bd. xxir, S. i'Jir); Dmfsche m*^(L IVdiiu^chr,, 
Luip/.iii*, 1898, S. 49 ; ZUchr,/. Jfyg., Loiptzig*, 1898, Bd. xwin, 8. ;38. 

- Ann, (U l\lmL PanUnir,, Paris, 1898, t. xn, 181. 
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^^iih tlic 8))ecific fixative, as nhown by the experiments of Bordet 
and Geiigou\ 'riiese ohserverH, indeed, have demonstrated that the 
bacilli of swine erysipelas, when ke])t for 24 hours in the specific 
serum lieated to ae(|uire the property of absorbing the cyluses 

contained in the unheated seiaiin of iionnal animals. 

Hie study of acquired immunity against the bacillus of swine 
erysipelas teaches us that this immunity is not due to any extra- 
cellular destruction comjiarable witli Pfeiffer’s phenomenon; and that 
this immunity causes the production of a si»ecific fixative and of a 
specific agglutinative substance, whose action on the resistance of the 
animal, to judge from the complete virulence of the bacilli when 
agglutinated and impregnated by fixative, is feeble or niL It is 
the phagocytic; reaction whicli is dominant in the immunised animals 
and which brings about the intracellular destruction of the bacilli. 

Hie history of the anthrax bacillus, another reiiresentative of the 
grouj) of non~niotile bacilli, is iiarticularly interesting, the more so 
that for some time the researches on acquired immunity have been 
concentrated almost entirely on the analysis of the facts olisci'ved 
in animals that have been vaccinated with the two Pnste\ir vaccines. 
In this way a large number of valuable facts have been colleeted ; 
of these the more important may be presented to the reader. 

In my fii’st work on this subject*"' I called attention to the fact 
that in the rabbit vaeciiiatcd against anthrax, the bacilli, when 
inoculated sulicutaneously, soon become the prey of leucocytes whi(;h 
accuimdate at the spot menaced, lii the un vaccinated control 
rabbits, however, the anthrax bacilli remain in a tree state in the 
fluid of the subcutaneous exudation, only a few isolatcMl rods being 
found inside phagocytes. I have since been able to confirm tliis 
fact’^, which must now be regarded as fully established. In the 
vaccinaterl rabbits the leucocytes exhibit a very marked positiAO 
eliomiotaxis against the anthrax bacilli, whilst in normal unvacci- 
nated rabbits the chemiotaxis of the leucocytes in the anthrax of 
the subcutaneous tissue is distinctly negative. When a small quantity 
of anthi'ax culture is inoculated subcutaneously into vaccinated and 
into unvaccinated rabbits there may be observed, even within a few 
hours, a very great difl'erence. In the former there is found at tin; 
scat of inoculation an infiltration which swarms >vith Ieiieoe}les 

^ jUitl de r/nsi. Puitimr, Paris, 1901, t. xv, p, ‘295. 

“ Virchoir\^ Arrltif\ Berlin, 18S4, Bd. xovn, S. 502. 

2 Vircitoidii A/rhic, 188S, JJd. oxiv, 8. 105. 
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ill the act of (Icvoiiring bficilli. Tn the normal, susceptible rabbit, 
on the otlier hand, the exudation produced is soft, rich in fluid, and 
very poor in leucocytes. The vessels in the vicinity arc distended with 
blood, and tiie fact that the leucocytes do not come up to the seat of 
inoculation is in no way due to the absence of vascular dilatation 
which might prevent diapedesis. The vessels are much more dilated 
than in the vaccinated rabbit, and yet in the latter the emigration is 
incomparably greater. Tliis essential difference must be attributed 
to the sensitiveness of the leucocytes, which exhibit a negative 
clicmiotaxis in the noi’inal rabbit but a very marked positive chemio- 
taxis in the vaccinated rabbit. 

It has been shown repeatedly that tlie subcutaneous exudation, 
very ricii in leucocytes which have had time to ingest all the bacilli, 
when inoculated into guinea-pigs, en.surcs the appearance in them 
of a generalised and fatal anthrax; this affords evidence that the 
jihagocytosis is exercised against virulent and therefore iiving bacilli. 
Marchoux’, in Roux’s laboratory, has carried out numerous experi- 
ments on the vaccination of rabbits and has ol)sei‘ved that the 
inoculated antlirax bacilli cause an exudation very rich in leucocytes, 
and that these cells ingest and destroy the bacilli. The phagocytes 
easily rid the la'fractory animal of the bacilli in the vegetative state, 
but the si)ores are much more resistant. After bi'ing devoured by tlu; 
Icucocj tes they may remain inside them for months without germinat- 
ing. IMarchoux obtainetl cultures of anthrax from the subcutaneous 
exudation taken from vacciuatctl rabbits 70 days after inocadation. 

The fact that the bactericidal action of the blood sei'um on 
anthrax bacilli is specially well marked in tlie I’at, suggested the 
idea of trying to obtain, in this rodent, an augmentation of this 
proi)erty as a, result of vaccination. Bawtehenko- attempted to do 
this in an investigation already cited in Chapter V’l, carried out in 
my laboratory. He succeeded in thoroughly vaccinating white rats 
against virulent anthrax and in show'ing that the blood serum of theses 
animals l endcred refraetfory “ is bactericidal in the same degree as that 
of non-immunised I'ats.” In the vaccinated rats “ the subcutaneous 
exudation was as free from bactericidal substances as was the lymph 
of the control animals." Sawtehenko was unable to demotistrate any 
increase of bactericidal power except in the peritoneal exudation of 
rats vaccinated by injettion of cultures into the peritoneal cavity. 

1 Amt. dc I'lnd. Pasletu', Taris, 18115, t IX, p. 805. 

- Ann. Ue V Inst. Pasteur^ Paris^ 1897, t. xi, p. 881. 
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111 spite, liowerer, of the absence of any increase in tln^ bacteri- 
cidal property of the blood serum and of the subcutaneous exudation 
in vaccinated rats, the cell reaction obtained in them is very 
dijfferent from that met Avith in normal, susceptible rats. In u very 
short time (3 to 5 hours) after the subcutaneous injection of ant lnax 
bacilli into the control rats (susceptible), an evident oedema is 
produced ; in the vaccinated rat there is none. Tlie exudation, 
not very aliundant in the latter, already contains a number of leuco- 
cytes Avhicli ai-e actively phagocytic, Avhilst in the control animal, 
examjned simultaneously, “leucocytes are nirely met vvitli, and few 
of them contain bacilli. ’ Later, the diflercnce becomes still more 
marked. Pronounced oedema occurs in the control animal, it is poor 
in leucocytes but ricli in bacilli, >Yhic!i continue to midiiiily ; but 
“in the inmiimised rat, we find not a clear exudation but a thick and 
2>nrident fluid, full of leucocytes.’' These cells devour all tlie l)acilli ; 
not a single one remains free. “Even after 11 hours bacilli ingested 
by tlie leucocytes are present and a culture of anthrax bacilli may be 
obtained from fluid taken from the seat of inoculation. Further, 
guinea-pigs or rats, wlien inoculated with a drop of this exudation 
(Avhich contains no anthrax spores), succumb to anthrax.” 

Even before these researches on the immunity of rats had been 
cai'i'icd out, an attempt Jiad been made to gain some idea of the 
dilferences presented by the A^accinated fluids of animals as conijiarcd 
with those presented by the fluids of control animals suseei)til)le to 
anthrax. In IBHfl I Avas able to demonstrate^ that the anthrax l ‘25i] 
bacillus develops jd)undantly in tlie defilirinated blood of slieep tliat 
laid ac<iuirod immunity as the result of Axaccinatiou by Pasteurs 
inetliod. Wlieii these bacilli contain spores and are inoculated into 
rabbits they rapidly produce a fetal anthrax; but Avhen no spores 
are present the injection of bacilli does not produce a fatal disease, 
and such infection is avoII supported by the rabbits. From tliis I 
concluded at that time tliat the anthrax bacillus ninst, in the blood 
of the vaccinated sheej), undergo a real attenuation in virulence, an 
interpretation Avhicli, as Avill be seen in the next chapter, was found 
to be erroneous. 

NuttalP sliowed that the delibrinated blood of refractory sheep 
acted as a nutrient medium for the anthrax bacillus. Making com 
parative investigations, by the plate method, on tlie liactcrlcidiil 

^ A iUh (k I' Just. Paafeur, Paris, ]8S7> t. i, p. 1*2. 

- Ztschr,f Jhjg.^ Leipzig, 1888 , Bd, iv, S. o.'j'}. 
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power of the !>1ood of vaccinated and normal sliccp, he observed that, 
ill both cases, there was, at first, a certain decrease in the number of 
bacilli sown, more marked in the blood of the vaccinated tlian in 
that of the control animals. Nevertheless, d hours after the com- 
meueement of the experiment the anthrax bacteria had produced 
innumerable bacilli in the blood of the refractory sheep. Nuttall 
satisfied lumself that tijis feeble bactericidal i)ower Avas not to be 
compared witli the A^ery inucli greater poAver of the blood of the 
rabbit, an animal specially susceptible to anthrax. 

More recently the ))i*()perties of the serum of sheep Avlucli liave 
bt*eu vaccinated against anthrax have been studied very carefully by 
Sobernlicimk lie also Avas able to show that this serum allows of an 
abundant development of the bacillus, and that, outside the animal, 
it does not exercise any more ai)prcciablc bacLericidal poAver than 
does the scrum of the normal shee|>. The serum of the best vacci- 
nated sheei) Avas found to hi) incapable of destroying even very small 
(juantities of antJirax bacilli. Tlu; only cliange that >Sobernlieim could 
nrakc out Avas with regard to the thi(*keuing of the bacterial 
membrane. This niodillcatio!), however, was not constant and could 
not be seen in the serum of certain vaccinated slicep. 

The serum of tlie sheep vacciiiatc^d by Sobernheim exhibited no 
[255] increase of agglutinative poAver as r(.‘gai‘<ls virnlcnt bacilli. (Jengoii^, 
howcA^er, made it clear that rc[)catcd injections of cultures of the 
first vaccine of Pasteur into dogs produced a marked augmentation 
of this agglutinative power ; but it Avas only produced Avlicu the 
atteuuated bacillus Avas used. The Ainilcnt antlirax bacillus, de- 
veloped as isolated rods, Avas not aIVceted in the least by serum 
that Avjis highly agglutinative for the bacillus of the first vaccine, 
(iengou also made tiie converse experiment AAitli the serum of a 
dog into Avliich he had previously injected a number of virulent 
antlirax bacilli. Tlic dog, naturally refractory to anthrax, resisted 
the inoculation jierfocrtly, but 'its serum did not acquire any 
agglutinative power against the first vaccine. lie concluded 
therefrom that “the part played by agglutinins in the defence of 
the animal must be regarded as extremely problematicaP’ (p. 339). 
On the other hand the phagocytic reaction in tlie vaccinated sheep 
is always very pronounced and constant. Von Behring^, in one of liis 

1 Ztschr.f, IJyth'i heipzig, 181)9, 1:1(1. xxxr, SO. 

2 Arch, inlernat. de Fharmacodfiif.j Omul et Paris, 1899, Vol. vi, pp. 80:^, 838. 

2 “ Jiifectioiissohiitz uiid liniuiiiiitiit” iti Eulcnlmrg’s •‘lloal-i!)iicyclopadic d. ges. 
Ileilkuiulc," Xu/1. {Encfjclop^ Jahrhucher), Wien, 1900, Bd. ix, 8, 202. 
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most recent publications, expresses the opinion that this exanii»lc 
of acqiiired immunity must be placed in the category of i>hjgoc\ ti<i 
immunity. 

In the group of bacilli, several examples of which vNf’! hnve 
studied, the typhoid bacillus ajqa-oaches still more closely to the 
vibrios atul spirilla in ks relation to humoral ])roperties. llcw 
may be observed a kind of attenuated Pfeiller's ])henojneiK)n ami 
somewhat profound modifications taking place under the inlluemx' 
of tlm serum of vaccinate<i animals. The Bacillus pyocyaueuH is 
more resistant to the injurious intluencc of fluids taken from ine 
munised animals. Tins resistance is still more mai'ked in the bacillus 
of swine erysipelas and again still greater in the anthrax l)acilhis. 
Whilst, liowever, these [aoperties of the tluids of the body are found 
to be very variable and^of unequal l>ower, the ]>hagocytic reaction 
is constantly manifested and always very actively. The leucocytes 
Avliieh, in suscej)til)lc animals, exhibit a very marked negative cluanio- 
taxis o)' only a tardy and incomplete positive ehemiotaxis, liave, 
in the vaccinated animal, this positive suscc‘ptil)ility deve1o|)ed in 
a very liigli degree. 

Before ([uitting the group of bacteria; we must cast a glance at 
the mechanism of acrjiiired immunity against I’epresentatives of the[2r)(>| 
group of spherical micro organisms. Amongst the cocci the strepto- 
cocci liavc been es|)ecially studied as regards tliis immunity. For 
long great didiculties were enconntered in vaccinating animals 
against these chain cocci, but Ilogcr^ Marmorck ', Denys and Lcclef*' 
overcame these obstacles and succeeded in immunising the rabbit, 
one of tlie most snsee|>tible species, to their pathogenic action, 
^foie I'ccently the larger maiuinals, notably tlic horse, have been 
sneeessfully immunised. A (*ertain number of important facts, the 
knowledge of Avliicli is useful to ct)m[)lete the survey of the pheno- 
mena of acquired inmmnity, have thus been collected. 

Boger set himself to study the properties of the blood sei mu 
of rabbits vaccinated against the 8tre])tococciis, and established 
the fact that this fluid had not the slightest i»p|»-eciable bacteri- 
cidal action ; the streptococcus grew in it just as well as in the serum 

^ Conipt. rend, S<'C. de hioL,^ Paris, USIH, p. 5:rs ; lS9o, pp. 1*2-1, 221 ; Rev, da ni> d.. 

Paris, 189*2, 

2 Ann, de I' hint, PasUm}\ Paris, 1895, t. ix, p. .593, 

^ La (klbde, J^ierro et Lcaivain, 1895, t. xi, i>. 17-5 ; Bnll, Ac.nd, roy. de med. de 
Bely,. Bruxelles, 1895, No. 11. 
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,of fresh unviiceinated rabbits. When, however, he injected eiiltn res 
grown in the serum of immunised animals into rabbits, these rabbits 
did not die and j)reseiited only transient and insignificant lesions. 
From tliis fact lloger concluded that tliere must be an attenuation 
of the strei)tococcus by tlie immune serum, a view which was shared 
by several other observers. In fonmdating this view, however, he 
had not taken into account the possibility tliat this serum acted not 
u]>on tlie coccus that had fleveloped in it but upon the organism 
of tlic animal into which it was injected. Jlordet^ indeed, was able 
to slrow that the streptococcus whicli grows in the serum of im- 
munised animals is in no waj weakened in virulence. Wlien he 
took a race very virulent for the rabbit (Mai*morok’s strejdococcus) 
and injected a minimal dose of a culture grown in the serum of 
immunised animals, the rabbits died just as* did tlie control animals, 
because tlie amount of serum introduced was too small to exert 
any iniluence. So also, when he filtered tliis culture and got rid 
of the serum bathing the streptococci, it was found to be just as 
7] virulent as that grown in the serum of susceptible unvaccinated 
animals. 

In confirmation of tlie discoveiy made by lloger with the serum 
of vaccinated ralibits, Boi’det showed that the blood scrum of horses 
highly immunised against the streptococcus did not exliilrit any 
bactericidal action. Moi'eovcr, he found that this serum caused the 
development of somewliat agglutinated streptococci and that it Avas 
capable of throwing streptococci grown on the ordinary media into 
clumps. Summing up his researches on the properties of tliis serum 
Bordet concludes that it “causes no profound cliange in the strepto- 
coccus. The vegetative character of the coccus is not a[)preciably 
diminished, and its morphology remains the same saAC for certain 
variations in the length of the chains. Even the agglutinative 
power, recognised in numerous scrums by recent reseai*clies, is, in 
the antistreptococcic serum, develoj)od but slightly’’ (p. 19fi). 

More recently von Lingelslieim- has studied the properties of 
the serum of animals Avhich lie had tlioroughly vaccinated against 
the streptococcus. He observed a certain slowing of the development 
of the coccus in this serum as compared with the growth in cultures 
made in the serum of normal, suscejitible animals. But this re- 

^ yUw. de VTviiL Pasteur, Paris, 1897, t xi, p. 194. 

^ Arch, uiternat, de Fharuiacodyn., Gaud et Paris, 1899, Vol. vi, p. 73; Behring’s 
Beitr. z. oxperitii. Therapie,” 1899, Bd. i. 
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tarclatioii was slight and transient, and exliibitcd itself especially 
in serums to wliicli von Lingelsheim, following Denys, had added 
leucocytes. 

Von Lingelsheim also noted a certain degree of agglutliudioii 
of the streptococcus by the serum of vaccinated animals, althougli 
this was much more feeble than in tlie case of the cholera vibrio 
or the typhoid bacillus, when agglutinated by their corresponding 
serums. Speaking generally, he regarded tlie diicct action of the 
body fluids as insutticient to bring about the rM})id destruction of 
the streptococci in the vaccinated organism. ‘‘Since the action 
of the bactcj’icidal substances is limited in time, the streptococci 
are able to adapt themselves to these substances and recover their 
former energy. As the phenomena of extracellular solution, of such 
a form as those observed under tlie influence of tlie cholera anti- 
bodies, are alisent in tlie case of the streptococcus and as, on the 
otlier hand, a considerable ingCvStiou of these organisms by the leuco- 
cytes is observed we must seek in the activity of these cells 

a second important clemeut of the defence of the animal organism ’ 
(p. 7n). 

To Salimbeni^, who has carried out iu my laboratory an in- 
vestigation on this subject, we are indebted for tlie most leliable 
information on tlic phagocytic reaction in ac(jiiired immunity against 
the strc|)tococcns. He studied specially the phenomena in the suli- 
cutaneous tissue of a horse, hypervacciuated against Marmorck’s 
streiitococcus ; this animal received in all, at several injections, about 
live litres of living culture. In spite of tliis refractory condition, 
a!i oedema at the [loint of inoculation was soon produced ; in tliis 
the micro-organisms remained free and the leucocytes were sparse. 
But the cellular reaction, at first insignificant, devclo|)ed with 
great rapidity and many leucocytes, amongst which the macro- 
phages wei'c much the more inimcious, were attracted. Tlie jiliago- 
cytosis was still delayed for some Time, but it continued to increase 
and 20 to 24 hours after tlic inoculation it was comiilete. As 
soon as the jiliagocytosis was well established tlie oedema began 
to disappear. In the thick exudation, containing a mass of leuco- 
cytes, the maci‘ophages arc filled with a very large mimbei‘ of 
streptococci packed together. These cocci develoj) inside tiie cells, 
cause them to burst and again become free, A fresli arzival of 
leucocytes, however, takes place, this time mainly microphages. 

^ Ann, de VInst, Pasleiirf Taris, ISUS, t. xn, p, VJ2. 
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These inicrophages seize tlic free streptococci that liave straggled 
so victoriously against the macrophages ; this second phagocytic 
phase is final. The streptococci still remain alive inside the micro- 
j)hages for *some days, but ultimately are killed and digested by 
the phagocy tes. At a period when, 5 or 0 days after injection, 
insignificant or isolated traces of strei)tQCocc> are to be found in 
the microphages, the exudation when sown in nutritive media still 
gives abimdant cultures. The incidents of this struggle between the 
streptococcus and the animal organism demonstrate tlie imj)ortant 
part played by the idiagocytes. Hie fact that the macrophages 
perish and allow the cocci to escai>e, clearly proves tliat these cocci 
have l)ecu ingested alive and virulent, and consequently that tlic 
fluid of the exudation was incai)able of destroying or even of 
attenuating them. The macropluiges, also, were i)Owerl(‘ss to bring 
about tliis result and the intervention of the micr(>[)hages was 
necessary to cause the (lisa])pearance of the cocci. It is, liowever, 
ahvays the phagocytes which ensure the final resistance of the 
animal. 

In presence of these very precise results obtained from the work 
of Balimbeui, a work which I followed very closely, tlie ]>revious 
researches by Denys and Leclef {Lc.) made under Jess favourable 
conditions on vaccinated i^abbits are deprived of their importance. 
These observers Mished to get an idea of the <liflerenee between tlie 
reactions of the animal organism (n) after the injection of streptococci 
into the pleural cavity of immunised rabbits, and (/>) after injection 
into that of noi'mal susceptible rabbits. Hiey killed the inoculated 
aninvals and found a very marked diminution of micro-organisms in 
the pleuritic exudation of the former. This diminution coidd not be 
attributed to a lysis of the strei»tococci by the body fluids, because 
thei’c were never any signs of such destruction. Xor could the 
phagocytosis, very feeble at first, be considered as the cause of the 
disappearance of a large number’ of tlie sti-eptococci. Denys and 
Leclef put forward a third hypothesis, wliicli attributed this dis- 
appeaiaiice to the rajiitl resorption by the lymph stream of the 
iJijected fluid containing the organisms. Going over the record of 
their experinumts it will be seen that in vaccinated rabbits the 
quantity of pleuritic exudation was always very much less than in 
normal rabbits. In presence of this feature there is reason to ask 
whether, in the ease of the streptococci, a large number of these 
organisms were not fixed, along with the leucocytes, on the walls of 
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the pleura, as in gniiiiea-pigs that are inoculatcil iutni-]>eritoneally ? 
Jnstcail of being satisfied witli merely examining the huid exudalioij, 

* the surface of the })leu!’a should have been scrai)ed in order to ascertain 
whether the phagoc) tic reaction was localised in this regioiL 

In any case such incomplete results on the active innuuuitv of 
rabbits in no way WQjiken the positive results obtained in tlio sub- 
cutaneous tissue of the horse, in which the phagocytic reaction l>i;tvs 
a really prepondcraiit t>art. 

Tim example of the streptococci completes our series of bacteria 
in which we have studied their relations with the prof)erties of the 
animal organism that has acquired immunity. W^e have still to sc'e 
whether the acquired immunifa^ against micro-oi-ganisms of animal 
origin is subject to the same niw as that against bacteria. 

For some years past a zealous study of the infectious diseases pro- 
duced by animal micro-organisms has been carried out. Besides [goo] 
malaria, whicli occupies a most important position, attention has been 
directed to certain diseases in domestic animals that are set up by 
endoglobulai- haematozoa and by dagellata, and a fairly large number 
of accui’ate data have been collected with regard to Texas fever and 
its parasite the IHroplasma bigenilm^^ as well as ui>on the e})i- 
zootic diseases due to Trypanosemra^^^ (Tsetse fly disease or Nagana, 
‘‘Dourine/^ etc.). 

We arc indebted to Smith and Kilborne^ for the earliest informa- 
tion concerning the acquired immunity of Bovidae against Texas fever. 

II. KochHhen added some very precise observations on the immu- 
nity of calves which had been inoculated with parasites attenuated in 
the body of the tick (Ii()ophi!us h<nm\ Lignicres’", who devoted 
much attention to this ()uestion in the Argentine Uepublic, has dis- 
covered a sure method of vaccinating the Bovidae against the 
Tristeza,'' the local name for Texas fever. He Iirought to Alfort 
specimens of attenuated haematozoa, and in Xocard’s presence 
performed successful vaccination* experiments. 1 iignifa*es is noAv 
engaged in devising a practical method of ensuring immunity under 
the special conditions found in the home of tlie *‘Tristf‘za.” Up to the 
l>resent, however, there are no suflicient data as to the mechanism of 

^ Bulletin No, 1 , Bureau of Animal Tndmtry^ US. Dep. of Agrir.^ 

1893, 

^ “ Reisebericht iiber lUuclerpest etc.,” Berlin, 1898. 

^ Rec, do med. eet.y Paris, jnillct, 1900, and Ann, de ri/t.sL Paeleur, Vaiis, 1901, 
t. XV, p, 121. 
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the acquired inuiiunity in tliijs case. We lia\ e fuller information as to 
the essential phenoniefia observed in the organism of the rat vaecb 
nated against T rypanomma lewisL We owe to Mme.L. liabinowitsch 
and Dr Ken)i)ner^ tlie first important data as to the possibility of 
immunising white or piebald rats against tlie disease produced by the 
flagellated infusorian. Tljey noted that these animals when inocu- 
lated with the blood of grey rats containing Trypauo^HOimita acquire 
a veiy transitory disease m Inch, however, confers an immunity against 
any subse<[uent infection. The flagellated organisms disaj)pcar from 
the blood within a few weeks, after which fi'csh injections of these 
parasites have no pathogenic effect. 

1] Ijavcian and ^ilcsnil- confirmed these observations, and in ad- 
dition made careful observations on the mechanism of this ac(iuired 
iminunity. After making several inoculations with blood conbuning 
Trypiinominata into white rats, they made a study of the ])ro])erties 
of the blood serum of these immunised animals. First they esta- 
blished the fact that this serum exerts no microbicidal action on 
the 7'ryjjanosomafa, but it agglutinates them without, however, 
rendering them motionless: — ‘‘The masses may be resolved into 
rosettes in Avldch tlie united merely l)y their poste- 

rior extremities, liave their flagella free and motile at the periidicry.*’ 
Laveran and Mosnil tlieu studied the phenomena evolved in the 
refi*actory organism. Wdieu injected into the ])eritoneal cavity of 
immunised vats the TrypnHOS(>mata arc not acted upon injuriously by 
the body fluids. They are, however, devoured by the leucocytes. 
Laveran and Mesnil thus express themselves on this subject: '‘...we 
have demonstrated clearly and repeatedly that llie Trypitnosotaafa 
are ingested alive, perfectly isolated and very motile, l)y phagocytes, 
and we have followed the details of this process of ingestion Avhich 
recalls that of the ingestion of s|)irilla by the leucoeytes of the 
gui)iea-pig. AV"e consider, therefore, that the immunity is pliagoeytic 
in character.” 


The main facts on ac(iuired immunity establislied in connection w itli 
the most diverse miei‘o- organisms, facts just described, may already be 
said to lead to certain general conclusions. They indicate in tlie 
first place that acijuired immunity is accompanied by plienoinena 
more complicated than those observed in natural immunity. In tlie 
two categories of processes observed in acquired immunity the pha- 


^ Zisi'hr.f. Leipzig, 18,99. Hd. xxx, S. 251. 

^ Ann. do rind, Pasteur^ ruiis, 1901, t. xv, p. 073. 
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gocy tic reaction is the only one that can be said to be constant. Wc 
find it in those examples in which the influence of the lliiuls of the 
body is most manifest, as in the experimental cholera peritonitis of 
tlie guinea-pig, as well as in those cases where the humora! actioti is 
most feeble, as in anthrax or in the Trypanmonia disease of rats. 
We have, however, still to establish the relations that exist betwecu 
I)hagocytosis and the part played In^ the fluids of the immunised 
an i Dial, in order that we may, as far as possible, i)resent a gcncnd 
picture of the inner mechanism of acquired immunity against micro - 
organisms. To attain this result we must place the reader in posses- [ 
sion of further wx^ll-established facts, and we must postpone its 
discussion to the following chapter, which will be entirely devoted 
to the above-mentioned problem. 



[2«3] OHAPTETf IX 

THE MECIIAXISM OF ACQUIIIED IMMUNITY AGAINST 
MICRO-OKGANISMS 

Cvtfises and fixatives. — Only the latter are angmeiited in the immunised organism, — 
IVoperties of tlie fixatives. — Ditfercnce between them and the agglutinative 
substances. — 'I'lic part played by the latter in acquired immunity. — Protective 
firoperty ol’ the fluids of the immunised organism. — Stimulant action of the liody 
fluids. — The protective power of serum cannot servo as a measure of aeejuired 
immunity. — Exairijiles of acquired immunity in whi(!li the seiums exhibit no 
protective power. — Phagocytosis in acipiired immunity. — Negative chemiotaxis 
of leucocytes. — Theory of attenuation of micro-organisms by the fluids of im- 
munised animals. — Uefutation of this theory. — rhagocyto.sis acts u ithout reijuiring 
any previous neutralisation of the toxins. — The origin of the fixative and pro- 
tective properties of the body fluids. — The relation between tlicse properties and 
phagocytosis. — Tlie side-chain theory of ElirUch and the theory of piliagocytes. 

Whilst, in natural iinmunity against micro-organisms, Immoral 
jdieiiomena play no prominent part, in acquired immunity tlicse 
]>]ienomena assume a much greater im])ortancc. The bactericidal 
] lower of the fluids of the body is, in natural immunity, reduced to a 
mere trace, for it lias been demoustratcHl that the power of normal 
serums to destroy bacteria correvsponds to no natural pheiiomcnou of 
the living organism, Imt is dopeiukuit upon tlie jircsence of cytases 
Avliich have escaped from the pliagocytcs at the time of the formation 
of the clot in rifro and separation of the serum. The presence of the 
fixative, tliat other important element in immunity, has been demon- 
strated in the normal fluids only in rare cases and in small quantity. 
The agglutinative property of these fluids has likewise shown itself 
to be little developed and without any imiiortance in natural 
immunity. 

In acquired immunity against micro-organisms, on the other 
liaiid, we find that the bactericidal and agglutinative powers of the 
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fluids of the body are very greatly increasc<L Wiili tlic discovery tliat 
the l)actericidal pro{)crty was so highly developed in [tie -(mmhus of 
animals that had been vaccinated against vibrios arose i\\c in pGi] 

the acquisition of a new and j)nrely humoral pr()|)erty. It Meifler, 
especially, insisted on the fnndainental diflerence between)! the p.nver 
ot tlic serum of imnjunised animals to transform the cholera vilirios 
into granules and the corresponding property of normal serums. In 
the first case Pfeitter’s phenomenon exhibited marked speciticit v ; 
in the second, it was much more general. A normal seiaim trans- 
forms into granules, indiflerently, vibrios that are very distinct from 
one another ; whilst the serum of an animal vaccinated against 
a ))arti(ailar species or race of vibrios gives Pfeilfer’s phenomenon 
witli this sj>ecies or race oidy. llordePs^ researches ha^e defi- 
nitely settled this question. This investigator has shown that 
Pfeiller’s phenomenon is produced, witli all the usual serums, by 
means of the same substances, the c^Tascs (alexine, or com])lemerjt of 
Ehrlich). But in the serum of vaccinated animals there is added 
to these cytases the fixative (sensibilising substance of [Bordet, 
immunising body or amboceptor of Ehrlich) which exhilnts specific 
properties. Having thus carefully distinguished the two substances 
that set u]i the granular cliange in vibrios, Bordet shows that in 
vaccinated animals it is the fixative winch increases in quantity, 
whilst the cytase remains pretty much in the same proportions as in 
the normal animal, lie demonsti*ated, in fact, that wlien we take 
a very small dose of the serum of a vaccinated animal wduch by itself 
is incapable of transforming the vibrios into granules, about tlic same 
(juantity of iiniiuinised serum or of normal seniin must be added 
to it in order that Pfeitfer s iihenomenon rna}'^ apjiear. The quantity 
of cytase, that soluble ferment which is necessary for the production 
of the jihenomenon, is, therefore, about the same in the serum of 
a normal animal as in that of a well- vaccinated animal. Wliilst tlie 
cytase does not increase as a result of vaccinal injections, the fixative, 
on the other hand, becomes more and more abundant. Consequently 
it is this second soluble ferment that impresses its characters on the 
blood serum and on some of tlic other fluids of the vaccinated animal 
It has been pointed out in the preceding chajder that the fixative is 
found in the fluid of the oedema of vaccinated animals, althouaii in 
less quantity than in their blood serum. It has also been ruenrioned 
that no fixative is found in the aqueous humour of woll-vaccinatefl [2G5] 

' Ann. de ClnHt. PaMenr, ^^ari.s, ISOo, t. ix, j). 462. 
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aniuKiIs. It must be admitted tliat this ferment is not inseparably 
bouiul to the cells which [)roduce it, as is the case with the cytases. 
1 liave already developed, at some lengtli, tlie tliesis that the cytases 
remain, in the normal animal, within the pliagoeytes, and only escape 
IVom them when these cells are destroyed, whether in the living 
animal olin ing pliagolysis) or outside tfic animal (during the prepa- 
ration of the serum), (lengou's ex|)erinients with the ])lasma and 
the blood serum of normal animals have comi>Ietely confirmed tlje 
fundamental observations tliat the cytases are not found free in the 
circulating blood. It is evident that the sanu‘ law a])plies also to 
an anirrral that has MC({uired immunity. For this reason neither 
Fleiffer^s phenomenon nor any analogous process that demands the 
action of cytases is ever produced in the antei’ior chamber of the 
eye, or in the subcutaneous tissue, or in oedema cither active or 
j)assive. Further, it is in virtue of this same law that Pfeiirer's 
l)hcnomcnon does not manifest itself even in the peritoneal cavity or 
in the blood vessels of vaccinated animals in which the pliagocytes 
have been protected from pliagolysis by previous injections of 
various Iluids (physiological saline solution, broth, etc.). It would 
1)0 very interesting to be able to demonstrate the absence of cytases 
in the fluids of immunised animals by experiments of the same order 
as those carried out by Gengou with the fluids of normal animals, 
but the obstacles to the realisation of this postulate are too great. 
AVe saw mIicii discussing Gcngoirs exi)crimcnts that it is impossible 
to obtain hi vitro a fluid identical with the ])!asma of living blood. 
Tlie greatest precautions in collecting the blood and in its after 
treatment are insuliicient to pi’cveiit coagulation taking place sooner 
or later. It follows that, as there is always a eonsiderable rjiiantity 
of free fixative in the plasma of immunised animals, an infinitesimal 
<|uantitv of inicrocytase, set free from tlie leucocytes, is suflicient 
iV)r the production of Pfcilters or any other analogous plieiiomeiion. 
Tliere must be a great imi)rovemeJit in the methods of prei)aratiou 
of plasmas outside the body before it will be possible to undertake 
successful researclies on the above problem. For the present we 
must rest satisfied with other pi^oofs, already numerous and very 
(lemonstrative, of theal)seiiee of free cytases in the normal plasmas of 
vaccinated animals. 

The cytases being found in about the same quantity and pre- 
senting the same properties in all animals that enjoy immunity 
whether natural or acquired; it must be the fixativ^e w hich specially 
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(listini^uisil’.es tlie^e two catc^L^ories of iininunity. >vo\v, tlie fixative 
is found in the serum of perluijis all cases of acquired imnmnity. 
Bordet and (Jengou have studied it by the nietJiod already ivientioned 
( Chaj). VI 1,). A certain quantity of micro-orgauisms of various s|)ecies 
is introduced into tlic scrum. If the cytases, present in the s^n um 
wlicii tlie experiineni was commenced, ultimately disap[)ear froiu it, 
it indic'iitcs that this ferment has been absorbed by tlie bactriTa, 
thanks to the fixative, Avliich consequently should be found in the 
serum undei* oli.servation. The presence or absence of the cytases 
can be demonstrated by the production or absence of PfeiMer's pin - 
nomenon Avith vibrios. 

The ai>i)lication of tliis method enabled Bordet and Oengou' 
to satisfy tliemselvos that tlie serum of animals immunised against 
several species of bacteria (plague bacillus, tyiilioid bacillus, bacillus 
of swine erysijielas, tii-st anthrax vaccine, and ProUym vrhjttru), really 
contains an aiiprecialile quantity of fixative. It may, then, be ac- 
cepted tliat the |)roduetion of this substance is fairly constant in 
acijuired inmiimity against bacteria, and that it constitutes one of the 
most important factors in such immunity. 

The question has been raised : What is the nature of the substaueo 
to Avhich the name of fixative is given ? Pfeilfer and Proskauer^ 
ha ve attempted to solve this (piestion by making use of a serum which 
acts against the cholera vibrio and Avliich they obtained by vaccinating 
aiiinials with this vibrio. They carried out a long series of experi 
meuts wliich led them to the conclusion that this substaiujc, which 
tliey term “cholera antibody,'^ cannot be identified with any of tlie 
albuminoid substances of the serum. Further, the fixative is not 
represented by any of the salts oi* extractive substances of tlie serum, 
because tliese substances dialyse easily, wlicreas the cholera antibody 
does not pass through the dialysing membrane. The fixative is wliolly 
precipitated by alcohol, and is regarded by ITeilfer and lh*oskaiier as 
belonging to the category of soluble ferments, an opinion which is 
ceidainly shared by many other investigators. 

What is it tliat eommunicates to this fenneiit its remarkably |lm> 7] 
specific character? Witliout being able to give a precise ansivor 
to this question, the authors just cited point out the analogy tliat 
exists betAveen the cholera antibody and the soluble fernients of 
yeasts winch have been studied by Emil Fischer. Some of tliese 

^ Ann. de Vlmt. Paateur^ Paris, 1901, t. xv, ]). 289. 

2 CentrnlbLf. liacterbA, u. Para^ilcnk.^ Jciia, 1890, Al>t, lai. xix, 8. 191. 
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act only upon certain special sugars in a uiaimer equally specific. 
From a logical point of view it miglit be permissible to attribute 
the specificity of fixatives to soiuethiug borrowed from the species 
of micrO'Orgaiiisni that laxs played a part in their production. It 
has long been recognised that in old cultures of the cholera vibrio 
these injcro-organisius are transformed into spherical granules, the 
artlirospores of Ilue])j)e, wliich closely resemble the granules produced 
in l^feifier’s phenomenon. There are, then, undoubtedly, vibrionic 
products which act uuicli as do the mici'ocytases, and it would be very 
iuterestiug if we could find them in the bactericidal ferments of tlie 
auinud body. An attempt of this kind was undertaken by Fmmerich 
and Ldw\ who attribute the ac(piired immunity to a particular sub- 
stance which they term ‘^Nuclease-iinniuiiprotculiri.’’ According to 
tlieir ljy|K)thesis tlie niicrol)ial products which are produced in ibe 
auiiiial during tlic period of vaccination the nucleases — combine witli 
proteid snl)stance;s of the blood and organs to furnisli the substance 
to which these authors have given such an elaborate name. In tlieir 
most recent puldicatioii Emmerich and Eiov evcii dcsci-ibc a. method 
of producing this substance outside the animal Ixxly, by the action 
of ox Idood, or better still |K)unded sjdceu, on the nuclease ])roduced 
by t1i(‘ bacteria found in old cniturcs. To it they attribute tlie [iro- 
])erty of dissolving the various bact(a’ia, of cunfenang immunity 
against and even of curing several infective diseases. But these 
autliors <lo not say whether this i*emarka-ble substance is ideuti(*al 
with, or aualogous to, the antimicrobial ferments composed, as we 
have seen, of microevtase and fixative. It must be concluded that 
they look upon it as being similar to tlie rdexine of Bucliner, wliicli 
is uotliing more than a mixture of the two sulistances /just named. 
Fnfortnnately tlie whole account given by Emmerich and Low will 
do anything but gain over the reader, and in their publications no 
proof of their assertions can be fouipl. Several of tlie facts advanced 
by them do not fixll in with well cstablisliod data. Thus they speak 
pjdsjof tlie complete lysis of the bacilli of swine ervsifielas by their 
soluble Ei^sipelase -Ininuinprotei'diu in vaccinated animals, a iwo- 
cess that has never been ilemoustrated by them and which in no 
way accords willi couscieutious and carefully canaed out observations. 
On the other hand, they cite facts which contradict one another. The 
‘*Pyocyaiiase-lnnnun]>i‘i)teuliiF is a substance which possesses an 
extraordinary baeterieiilal power, not only against the Badllns pyo~ 

^ Zttscftr,/. Jlfffj,, Leipzig, 1901, Bd. xxxvr, S. 9. 
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eyaums l)ut also against several other Viucteria, i jf^ the haeilli of 
anthrax, diphtheria, typhoid, and plague. This suhslance rapidly 
l>reaks up tliese bacteria, and cures diphtheria and expcriinental 
anthrax. But it is, at the same time, so alFoctcd l)v the invasiou 
of the most common bacteria, sucli as Bcwillm siibtilis, th;rt it is 
necessary to add antiseptics in order to preserve it. To thesL^ con- 
ti*adictions, inaccuracies, and imcertainties must be added fnrtlicr 
the advice, given by Emmerich and Low to bacteriologists, not lo 
attempt to reproduce their exi)erimeiits, because they may easily 
1‘ail, and 1 think that, in spite of the seductiveness of the attiaupt 
to attribute to bacterial products a share in the elaboration of auti- 
microhial substances, wo must conclude not to follow these authors 
further. It is better to confess our iguoi'anee of the chemical 
connujsitiou of tliese substances in general and of the fixatives in 
}>articular. 

As the lixatives resist temjieratures much higher than tlioso which 
destroy the cytases, in this rcstiect resembling the agglutinativ^e sul)- 
stances so freijucntly found in the tluids of vaecinated animals, tiici’c 
has long l)een a tendency to identity them with these latter. It is iii- 
disjmtable tlrat between the iixatives and the aggiuti native substances 
the analogies are fairly numerous. Both are produced in (piantity 
during the process of imnmnisation, and are found not only in the 
blood serum but also in tlic fluids of the living animal, cs|)ccially 
in the lluiils of exudations and traiisudations. Both dialyse through 
parchment more readily than do the cylascs. Buchner^ has demon- 
strated that his alexiues (bactericidal substances of normal serum; 
will dialyse only where the lower fluid is pure water ; dialysis is nil 
when the distilled water is i*eplaced by physiological siiline solution. 

Tlie fixatives and agglutinins, as demonstrated by CJengou-' for the [26:)] 
latter, [)ass almost completely through tlic dialyser in tlie case of pure* 
water, and oiuvhalf still passes when the lowei* fluid api>roaches as 
nearly as possible to normal serunl. 

In s[>ite of these analogies, however, the agglMtinative ])ro}>erty 
must be sharidy distiuguished from the fixative power of serums. In 
this fluid, derived from normal animals, the agglutinative pro|Kn tv is 
often very marked wlien the jiower of fixing the cytases is totally, or 
in great part absent. Bordet and tJengou'" have demoiistrahMl also 

^ Muitc/ien, med. 1892 , 119 , 982 . 

2 A71J1. f'lmi. PaHem^ Paris, 1899, t. xm, {>. 9' IT. 

® Ann, dr. I' I naf. Pmtrtir, Paris, 1901, t. xv, p. 2S9. 
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that fecltly agglutinative scrums of jwjrsons convalescent from typhoid 
fever may exhibit a great capacity for fixing the cytases.. Other 
facts, to be mentioned later, confirm the real difierence between the 
fixative and the agglutinative properties. 

The agglutination of bacteria wfxs noted during the course of a 
sei’ies of researches on the acquired properties of the blood serum of 
vaccinated animals, (^harrin and Roger ', seeking to obtain a clear 
idea of the difierence between the serum of normal animals and tliat 
of animals vaceina(e<l against the IJaciUus ■pi/oeijanciis, observed that 
this bacillus developed in the normal fiishion in the former, but in 
the latter gave rise to special forms of growth, Insteiid of gi’owing 
in the form of rods, it elongates into segmented filaments which 
become entangled and fall to the bottom of the tubes, leaving a 
supernatant lim|»id serum. I was able not only to confirm the 
accuracy of this observation for the Jiadllns pijocijanrus, but to 
extend it to (iamaleia’s vibrio and to the pneTimococcus", In all 
these instances we have a modification of the bacteria developed 
in specific scrums coming from vaccinated animals. Jjater, Bordet", 
during liis reseaiches on the bacteriolysis of vibrios in tit to, observed 
tliat tliese vilirios, Avhen introduced into the blood serum of vacci- 
nated animals, lose their movements and soon unite into more or 
less voluminous masses. This ob.scrvation was confirmed by Gruber 
(270] and Durham'', who were the first to apply it in the specific diagnosis 
of bacteria. They showed that the agglutinating power of vacci- 
nated animals, although not rigorously specific, might, nevertheless, 
lie utilised for the diflerentiation of certain bacteria, especially the 
cholera vibrio and the typhoid bacillus. But, iiuhqicndently of 
this result, Gruber® essayed to forimdatc a theory of acquired im- 
munity based on tlic agglutinative property of the serum. He 
acce])ted, in connection witii the phenomenon of the <lestruction of 
tlie bacteria, Bordet’s hypothesis of the concurrent action of two 
substances, of which one, the bactericidal substance jiroper, is nothing 
but the alexine of Buchner, the second being that Avhich agglutinates 
the bacteria. This agglutination, according to Gruber, results from 

^ Compt. Sue. de Biol., Paris, 18S!), p. G(!7. 

2 Ann, de Pasteur, i^aris, ISDl, t. V, p. 473. 

3 de rinsf. Pasteur, Paris, 1895, t. ix, p. 

^ Munrhen. med. Wchnschr,,, 1896, B. 285 [cl* also Durham, Jourti. Path, and 
BacUrioL, Edin, arid Loiidtm, 1897, Vol. iv, p. 13, and 1901, Vol. vn, p. 240; Brit. 
Med. Journ., Loudon, 1898, Vol. ii, p. 5SSJ. 

® Wien, klin. WeJmsehr.^ 1896, SB. 1S3, 204. 
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the swellin.ii: of the bacterial membrane whicli becomes viseees and ?o 
leads to tlie cohesion of the bacteria and tlie formatim^ uF ('lumps. 

Thus transformed and rendered motionless, tlie bacteria succumb move 
readily to the destructive action of the alexine. It is supjxvsed tlrat 
tlie phagocytes do not intervene at all in these (;ases of acquired 
immunity, except in a purely secondary fiishion when tliey ingi >r 
tlie bacteria already greatly \Yeakened by the united action of llic 
agglutinin and the alexine. The piincipal Yule in this theory of 
immunity is tlius given to the agglutinative sulistance, wliicli is re- 
gardi'd as licing a microbial product, modified by the macro]>hagcs 
and thrown into the blood. 

The discovery of this agglutination of bacteria has ac(|uired great 
iinportan(‘e, espe<‘ia]ly in connection with its ajiplic^ation to the dia^ 
gnosis of tvplioid fev(‘r. Widal^ succeeded in showing that typhoid 
bacilli agglutinate readily under the inlluence of blood serum and 
other fluids (milk, trausudations, tears, etc.) derived from patients 
suficring from typhoid fever. As this phenomenon eoidd he utilised 
for the early recoguition of the dis(^ase, it began to be studied with 
great care and many interesting data concerning it have been col- 
lected. The general outcome of these researches accords with the 
conclusions drawn by Widal, and tlie senim-diagnosis of typhoid 
fever has takeo Jits important jdacc among the methods used for 
the recognition of this disease. This as])ect of tlui (piestiou, however, 
does not interest us from the point of view of the problem of im- 
munity wliich we now have under consideration, and we cannot here 
enter iqion tlie study of the serniivdia gnosis of typhoid fever and 
certain otheu' diseases (cholera, tuberculosis, pneumonia). Moreover, [271] 
Me must refrain from any analysis of the hypotheses advanced to 
explain the meclianisin of agglutination. A lively discussion has been 
carried on between the jiartisaus of the chemical theory — according 
to wdiom the agglutinin acts directly on the agglutinable substance 
of the bacteria — ^and the advocates of the pliysical tlieory, led liy 
llordet^ who attrilmtc the agglutination to modifications in the 
molecular attractions wdiich unite the agglutinable elements, lie it 
between each other or with the surrounding iluid. At one time 
it was thought that Itoger’s'^ observation that the cell membranes 
of (yulium alhicuns, wlien cultivated in the s[)(?cific serum (U" 

^ Bull, Soc. mhd. d, hOp.^ Paris, 1800, 2f> juiu {Samaim med.^ l*aris, 

“ Ann. de I' Inst. Pasteury Paris, 1800, t. xiii, p. 225. 

^ Rei\ gen. d. sc. purcs et <ippliq., Paris, J800, t. vir, p. 770. 
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iininuiiised aiiinials, increased in volume and became greatly swollen, 
settled the question in favour of Grubers theory. But the objection 
formulated by Kraus and Seng^, on the one hand, and by Bordet, 
on the otlier, dealt a severe blow to this view. As the scrum em- 
ployed by Boger was not deprived of its cytases (alexine), the 
viscosity of the meml)rane of the fungus coc.ld not bo attril>uted 
to the agglutinin. When Bordet‘S demonstrated that the red blood 
corpuscles, under the inlluence of the serums, undergo an agglutina- 
tion as marked as that seen in bacteria, it enabled us to study this 
phenomenon in the large red corpuscles of birds, in whieli no one 
lias ever lieeii able to demonstrate any viscosity of the corpuscular 
stroma. In a mixture of red corpuscles of bird and mammal, sub- 
mitted to the action of a serum wliicli agglutinates the former only, 
the red corpuscles of the rnainmal never unite with those of the liird, 
altliongh this should uinloubtcdly take iilaec if tlio mendirane of the 
agglutinated corpuscles had really become viscous. All the facts 
collected up to the present are, tliei-eforo, in favour of Bordet’s 
physical theory in wliieli an analogy between the phenomena of 
agglutination and of coagulation is traced. 

The point that interests us more jiarticidarly in j'egard to aggluti- 
nation is the relation of this phenomenon to iimnviiiity. We have 
already given (Chajiter VIl) the arguments which render it impossible 
for us to attribute to the agglutinative property of the fluids of the 
body any role, however imimporbint, in natural immunity against 
G micro-organisms. We must now study the importanee of this 
pro|)erty in the condition of acquired immunity, in which the agglu- 
tination of micro-organisms by the fluids of the body is mucli more 
frequent and active than in natural immunity. 

The first question to bo settled is tlie following: Is tlio aggluti- 
native projiorty really eoiistaiitly present iu the fluids of vaccinated 
animals ? The blood serum of animals that have acquired iiimmiiity 
is unquestionably usually agglutinative as regards the corresponding 
inicro-organism. This agglutination may be more or less })roiiouuccd, 
but it certainly exists in the great majority of cases. Nevertheless, 
examples can be cited in which, in spite of the refractory couditiou 
acquired as the result of iininunisation, the serum exhibits not 
a trace of agglutinative power. Having demonstrated that several 
bacteria ( Bacillus pyocy(meiu% Diplococeus j/imimordaef Vibrio 

^ IV ten. klin. Wchnschr,, 1800 , 8 . 1 . 

- Ann. do ilnst. Pasteur, Fiiris, 1608, t. xn, p. OSS. 
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metchnihovi) ilevelop iu tlie serum of vaccinated uninnils in the 
form of elongated tilameuts more or less interlaced, 1 was quite 
lirepared to alloAv tliat tliis tact might be of general import. Tint 
the study of a cocco-bacilliis which i»ro(luces the pneumo-enteritis of 
SAvinc and wliicli was isolated by Chantemesse during an epizixjiic 
at Gentilly, led me k) belieAa> that this Avas not the case. As tins 
l)acilliis is cliaractcrised by great motility, 1 concluded^ that it 
Avas identical Avith that of the hog cholera of American Avriters. 
Theobald Smitlr-, to Avhom I sent a specimen and Avho is a comjxTent 
authority on this questioiq refers it, hoAvever, to the species which 
produces swine plague. KnoAving that the question of tliese tAvo 
bacteria is not finally settled, it is im[)ossible to come to an absolute 
decision in the matter. Importunately, from the i)oint of view’^ of 
immunity, tins is of no great importance. The point upon AAiiich 
I must lay stress is that the serum of rabbits A%accinated against 
the Gentilly bacillus, Avhen sown with this cocco bacillus, gave very 
abundant and uniformly turbid groAvths. In my researclies, under- 
taken at a i)ej’iod Avhen the rapid agglutination of micro-organisms 
added directly to tlie speciiic serum had not yet been recognised, 

I noted merely that the cocco-bacilli Avhich grcAv in the blood serum 
of vaccinated rabbits pi'esented tlieir normal form and gave rise to 
a general turbidity of the fluid. Since then, hoAvcA^cr, it has often 
been observed that tlie mode of develoiimeut of a micro-organism 
ill a serum gives an even more delic«ate indication than does the 
agglutination properly so called, produced by the sciaim to Avhich [273] 
has been added an organism culthatcd on its usual medium. Thus 
Pfaundlcr'* suav that Badlhis eoli and Profeiis Avhicli Avere 

not agglutinated by certain serums, developed in tliem in an unusual 
fashion and produced very long and interlacing filaments. When 
a serum is incapable of revealing its properties by agglutinative 
reaction properly so called, it is soAvn Avith tlie corresponding micro- 
organism and the development is then compared Avith that observed 
iu a normal serum. Frequently a A^ery marked diflerence is noted, 
the same organism groAving into filaments in the specific serum and 
forming rods only in the normal serum. ITie first mode of develop^ 
ment is sometimes designated ‘‘ Ffaundler’s reaction.^’ 

^ Ann. de Vlnst. Pasteur^ Paris, 1802, t. vi, p. 2vS9. 

“ CentralhL/. BakferioL ?/- ParasUenL, Jciiu, 1804, Bd. xvi, S. 235, 

('entr<dbLf. BakUrrioL u. Parasitenhy Jena. iVbt., 1898, Bd. xxm, SS. 0, 71, 

131. 
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111 the sei’uii) of rabbits vacciualeil against tlic Gentilly coceo- 
bacillus, no lilanients correspoiuliug to those met with in the agglu- 
tinative reaction arc^ formed, l)ut bacilli arc ])ro(luced. In sjnte of 
this the aniinals that fiii'nisli the scrum show a distinct resistance 
to infection. More recently, Karlinski^ has studied the j)roperties ot 
tile serums of animals treated with the co(*codmcilli of hog cliolera 
and swine phtgue. He was able to demonstrate that blood serum 
from oxen that had received repeated injections of cultures or toxin 
of liog cholera, was not only incaiudile of killing the cocco -bacilli of 
the two swine diseases but it even ‘^gavc rise to no agglutination " of 
the two bacilli and did not arrest the motions of those of hog cln>lera. 

the other hand, serums have been olituined from other species 
of animals (dog, pig) wliicli brought about the typical agglutination 
of tlie cocco- bacillus of hog cholera-. 

In the preceding cliajder, (lengoirs experiment on the serum of 
a dog that had been treated with a virulent culture of antlirax has 
already lieen cited. This serum did not agglutinate the bficilkis, 
even of the first vaccine of Pasteur. Nevertheless, a second dog 
treated with an atbmuated culture of (his bacillus furihshed au 
agglutinative sernm. The immunisatioii of the fn‘st dog was eari’ied 
very much further than that of the second, but the agglutinative 
proi)erties were in inverse order. Sawtclienko, in his study of im- 
mnnity against anthrax, deinoirstratcMl tliat the subcutaneous exu- 
^idatioii from vaccinated rats docs not agglutinate the bacillus which 
usually exhibits such a great teudeucy to collect into clumps. 

Agglutiuatiou Inis been studied particularly carefully in typhoid 
fevc)'. ^\ e know that after au attack of this disease, an acquircrl 
refractory condition is produced wliich lasts for a considerable ]>eriod. 
In most cases the agglutinative power of the l)lood diminislies very 
rapidly, and disap])ears a few weeks after the commcnccuieiit of 
convalescence. It is only in rare cases that it persists for years ^ 
On tlie other hand, during tlie period of apyi*exia which precedes 
•the relapse iu t\i)lioid fever and during the pci*iod of relapse, 
tlie agglutiuativ(^ jKiwer may manifest itself iu a very marked 
degree, hi an observation ma<lc on a case re[)oj-ted by Widal and 

1 Zh'chr.f. Htjij., f.cipzig, 18‘)8, Bd. xxviii, S. 40a 

- Fiftf^enth Atm. Fbp. of the Bureau of Anlmaf Industry for 1898, Washington, 
1809, p. ais, PL XI. 

’* \Vid;il ot Sicard, Bull, et Mem. Boc. med. d. hop,^ Paris, 1806, p. 684 \Semaine 
‘kiiaL^ Paris, 18i>0> p. 514J, 
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Sicard^ the agglutinative j)Ower was raised, two days V)efoi‘o the 
relapse, to a ratio (1 : 150) it liad never attained during the first 
attack. '^The appearance of the relapse, two days after this oV)- 
servatioir' — these authors add — ‘‘renders it evident that the ngglu- 
tinatiug reaction is independent of the state of ininiuiiivsatiou. ' 
Analogous cases have been pointed out repeatedly by several 
observers. 

The examples cited show, on the one hand, that the serum of 
individuals endowed with acquired iniinunity may be without any 
agglutinative property, but, on the other, that this [)ower may be 
highly deveIo])ed in tlie serum of susce])tible individuals. The argument 
based on tliese data may l)e eorrol)orated by several other series of 
lacts. Thus, Raliinbeni" has pointed out that the cholera vibrio is not 
agglutinated in the fluids of Immunised animals, t'he subcutaneous 
exudation of a horse treate<l with a large quantity of tliese vibrios 
does not agglutinate Kocli's vibrio except ontsi<le the body. When 
this exudation is drawn oil* shortly after the injection of tiic vibrios, 
the organisms render the fluid uniformly turbid. Hut a sliort ex- 
])osu!V to the air is sufiicicnt to bring about tlic agglutination of 
tlie vibrios in tlie same exudation. Guided by tliis oiiservation, 
Salimbeni carried out coiiqiarative ex|)eriments on the action of the 
serum of vaccinated animals outside tlie body, in tubes deprived 
of oxygen and in others exposed to the air. In the former agglu- 
tination did not take jilace or was very incomplete, in the latter it [ 
soon came on. This fact accords perfectly with the oliservation of 
PfeilFer's jihcnomenou in the peritoneal cavity of giiinca-pigs from 
Avhich we withdraw a fluid containing granules that have resulted 
from p<n feetly isolated vibrios. In other micro-organisms a difference 
has been noted in tliis respect. Thus Gheorghiewsky has seen the 
agglutination of the Biicillns produced under the in- 

fluence (jf the serum of vaccinated animals, even in tubes dei>rive(l 
of oxygen. Durham has made A similar observation in the case of 
the typhoid bacillus. AVIicn, however, Trumpp'^ wislied to satisfy 
liimself as to the agglutination of the same organism in the body 
of Avcll-vaccinated guinea-pigs, he obtained only imperfect results, 
lie concluded from his experiments ‘‘tliat the formation of typhoid 
clumps nuiy jirecedc the breaking down of the bacteria in the 

^ A mu de V fnat. Pasteur, Paris, 1897, t. xi, p. 411. 

2 A/iiu de V Inst. Pasteur, Paris, 1897, t xr, p. 277. 

Arch.f. Hyg., Miinchen u. Leipzig, 1898, Bd. xxxni, 8. 124. 
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animal body itself, but only under certain conditions — when tlie 
degree of iiiununity of the animal is snfRciently high and wlieu 
tlie bacilli introduced are not too numerous ” (p. 130). In the case of 
the typhoid bacillus, a certain degree of agglutination is produced 
inside the animal body, but it is markedly increased in the fluids 
that have been Avithdrawii and exposed to the action of the air. 

It has been demonstrated, repeatedly, that the agglutination of 
micro-organisms l>y their specific serums does not prevent their 
growth and multi])lieation. These agglutinated organisms lose none 
of their vii'uleiice. IssaelF^, working in my laboratory, carried out 
an investigation on this point in tlie ease of tlie pneinnoeoccixs. 
lie vaccinated rabbits against tliis organism and satisfied himself 
tliat the organism still grows well in the blood serum of sucli 
rabbits; but, instead of presenting tlie typical form of lanceolnte 
dipIo(*occi, the pneumococcus, umler these conditions, fornis very 
long chains of true streptococci. Having filtered the cultures iu 
order to get rid of the serum, lie injected them into rabbits and 
mice and demonstrated that tlie pneiunococci had retained to the 
fidl tlicir initial virulence, Sanarelli- carried out corresponding 
experiments with Gamaleia’s vibrio, which, as we know, also forms 
chains in the serum of vaccinated animals. When filtered on a pajier 
filter and waslied with physiological saline solution, the vibrios were 
found to be just as virulent as were the control vibrios grown in 
6] the serum of susceptible animals. More recently, Mesnil’^ demon- 
strated the same point in counectiou Avith the bacillus of swine 
erysiiiolas. He experimented on cidtures that Avcrc agglutinated 
after their formation and also on others agglutinated as they were 
growing. The fluid of the culture was decanted and replaced by 
fresh broth until tlie elimination of the scrum was complete. Mice, 
inoculated wiili the Avashed clumps, died in tlie normal jieriod, tlius 
aflbrding proof that ‘'agglutination in no way alters the vitality 
and virulence of the bacillus of swine erysipelas'’ (p. 492). 

We can rcmlily understand, after the demonstration of these 
various facts, tliat it is impossible to maintain Max Gruber’s theory 
that the agglutinative poAver constitutes the fundamental basis of 
acquired immunity. Hence this writer, after publishing several [ire- 
liminary notes in 1896, has not yet decided to give to his hypothesis 

^ Ann. fie VInsL Paatetir^ Paris, 1893, t. vii, p. -iOO. 

Ann, de V Inst. PaMeiir, Paris, 1S93, t. vii, p 225. 

^ A)ifi. de V Inst, Pasteur^ Paris, 1898, t xii, p. 481. 
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a more extended develoiment. Nor has any one else attempted to 
defend it. 

It is probable tliat in certain special cases the immobilisation of very 
motile Ixicteria and tlieir agglutination into clumps may facilitate the 
reaction of the animal organism, especially the rapidity of i)hagocy- 
tosis. Thus, BesredUa^ observed that guinea-pigs Avlicn inoculated 
Avitli typhoid bacilli that had previously been mixed Avith tlie blood 
scrum of normal animals survived. Tlie most active amongst these 
serums was ox scrum heated to 60” (1 Guinea-pigs furnished a 
sei-um which was much less active. The resistance of guinea pigs, 
inoculated into tlie peritoneal cavity, was in direct ratio to tlie 
agglutinated condition of tlie bacilli. Besredka lays stress on the 
facility with which the liacilli, when agglomerated into large cium]>s, 
Averc ingested by the [diagocytes, and suggests that there is a certain 
stimulating action of the serums on tlie leucocytes. Wlien he in- 
jected into guinea-pigs a mixture of typhoid bacilli and guinea-j>ig's 
sei'iim, made immediately l)efore injection, his animals died from 
iidecdjon. But Avheu he left the baxalli for some time in contact 
Avith the guiiu‘a-])ig’s scrum outside the body, and did not inject 
the mixture until after agglutination Avas complete, the inoculated 
animals usually survived, ^riiis exjieriment indicates the part played 
by agglutination in the resistance offered by the animal, and at the 
same time proves that in the body of tbe guinea-pig the agglomera- 
tion of the microorganisms into clumps does not take |)!ace to the [277 
same degree as in the scrum prepared in, and left in contact with, 
the air. 

In any case, tlie <lata collected by Besredka cannot be put 
foi-ward as an argument in favour of the essential part played by 
agglntination in acquired immunity, iior can they Aveaken the facts 
indicated as to the absence of agglutinative poAver in examples of 
acquired immunity and as to the virulence of the agglutinated micro- 
organisms. The part played by agglutination in this immunity is 
merely accidental and suliordinate. 

Special researches liave been carried out Avith the ol>]ect of do 
fining, exactly, the origin of agglutinins in the body of an animal 
that has acquired immunity. Observers are unanimous in recoguising 
that, of all parts of tlie organism, the blood is richest in agglutinin. 

This substance is found in the blood serum as avcII as in tlie i>lasma. 
From this (corroborated by the agglutinative [iroperty of other 
^ A7m. de rhisL Pasteur ^ Paris, UH)J, t. xv, p, 
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fluids, siicli as tlie pericardial fluid, oedemas very j)Oor in formed 
elements, etc.) it follows that the agglutinin circulates in the 
blood and lymph of the living animal. Several observers, amongst 
whom I may cite Achard and Bcusaude^ Arloing^ and Widal and 
Sicard’*^, jnit to themselves the question whether, before ])assing 
into the blood, the agglutinin is not formed «in the exudation de- 
veloped at the seat of inoculation of the micro organisms. Their 
conclusions were invariably negative; they were never able to find 
more agglutinins in these exmlations than in the blood. Pfeifier 
and Marx^ had oeeasioiially observed that tlieir animals, inoevdated 
with the cholera vibrio, early exhibited an agghitinativc power in 
the spleen ; but tliis result was not met with sufficiently constantly 
to enable them to draw a positive conclusion. A little later, van 
Emden'^ studied in detail the distribution of the agglutinative pro* 
perty in the body of an animal inocadated with Bfwillns aeror/cjirs. 
TIis researches led him to the eoncliisioii that the spleen and the 
lymplioid organs must be regarded as the source of the agglutinins, 
Shortly after the inoculation of the bacilli, an exb’act of tlic s)>lcon 
was more agglutinative than the blood oi^ any of the otlier organs. 
In ral.)bits from which the spleen had been removed, the same role 
was filled by the bone marrow and probably also by the lymphatic 
nodules. But this j)repoiidorancc of the haematopoietic organs did 
not continue long, the blood soon becoiniug the most important 
seat of the agglutinative power. 

Tlic proof that tliis question of the origin of the agglutinins is 
a very delicate and difficult one is allbrded by an investigutio]) very 
carefully carried out by Gengou-' on the agglutination of the 
attenuated anthrax bacillus (Pasteur’s first vaccine) by the tliiids and 
organs of normal and prejiared guinea-pigs. Tliis observer was never 
able to obtain any coniirmation of the i-esults obtained by vauEimleu 
with another micro-organism. In Gengou’s guinea-pigs it was always 
the blood fluid wliich showed itself most agglutinative, the organs 
exhibiting merely a feeble and inconstant agglutinative power. As the 


^ Arch, de ndd. exprw et d anat, path,,^ Paris, 1896, serie, t, vilT, p. 759.— 
Ponsaude, “ Lo piienonu'uio de 1 agglutination dcs niicrobus/' Paris, 1897, p. 252. 

^ Compt rend, Sor, de hlol,,, P;iris, 1S.97, p. 104. 

^ A7in. de rimt. Pmteurj Paris, 1897, t. xt, p. 376. 

^ ZUichr.f Hyg., Leipzig, 1898, Bd, xxvir, S. 272. 

^ ZUrhr.f, Hyg,, Leipzig, 1899, Bd, xxx, S. 19. 

Arch, internat, de PhurinacodyH.^ (Jand el Paris, 1899, vol. vi, p. 299. 
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extracts of leucocytes were always found to be markedly less active 
than the blood and tlic fluids of the exudations, Gengou was obliged 
to come to the conclusion that the agglutinins cannot be regarded 
as products of the cells of the animal body; this lie sums up by 
saying that ‘^‘iii the increase of the agglutinative power of its blood 
the organism of the* animal plays only a relatively passive part 
(p. d:i7). 

I think that, in S])ite of the facts established by Gengou, his 
conclusion can scarcely be regarded as final. The agglutinative 
pi'o[)erty, developing in the animal bod}", must be atiributed to 
s(une cellular influence, because we know tliat the prolonged sojourn 
of micro-oi’ganisms in the animal fluids is incapable of conferring 
on them this power, x\s Gengous experiments did not permit him 
to attriluite tlie formation of agglutinin to any formed element, it 
must be concluded that, although perfectly exact, tliey were insuffi- 
cient to solve the problem. Gengou killed his animals at a stage when 
tlieir blood was already pretty strongly agglutinative. At this stage 
the organs only possessed it to a much more feeble degree. Iknbajis, 
if he Imd examined his animals at an earlier stage, when the blood 
possesse<l a much less marked agglutiiuitive power, he might have 
ol)tained a more powerful agglutination witli an extract of the 
org.ans. In my researches on tlie resorption of cells, 1 observed, on 
several occasions, tluit tlic abdominal fluid of guinea-pigs which had [279] 
received an injection of goose’s blood became agglutinative before 
the blood scrum. Later, however, the blood exhibited a greater 
agglutinative ))ow'er than did the peritoneal fluid. If to this fact 
we add the results of van Emden’s experiments, we shall be tcmjded 
to assign to the cells found in the peritoneal exudation and in the 
lymphoid oi’gaiis a share in the production of the agglutinin. This 
(piestioii of the origin of tlie agglutinative power is, liowever, a very 
diffieidt one, and it is imiiossible, in the imperfect state of our 
knowTedge, to express oneself in a more positive fiisliiou. Fortu- 
nately, according to the whole of our data on this phenomenon, 
tlie part played by agglutination iu immunity can only be very incon- 
siderable, and w^e may be allowed to consider our general proldeiu 
witlioiit conceniiiig ourselves over much about tlie origin of the 
agglutinative property. 

Among the deflnite results obtained from the study of the J<gghi- 
tiiiins, it may be sjiecially pointed out that these siilistauccs can 
iu 110 w^ay be identified witli the fixatives. These latter Avere, for 
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long, spolieii of as prermtlre sithxfanccs. They are so termed in 
tlie early papers of Jules Bordet treating upon tliis question* The 
explanation of this designation is that, for a series of years, the 
presence of the fixatives was revealed chiefly by the preventive or 
protective property of the media wliich contained tliein. 

To gain a clear conception of this protective property, whicli 
occupies so important a place in the study of acquired innnunity, 
Ave must go back to an epoch in our science when it was sought 
to prove tiiat the fluids of the body played a jKiit; iti the production 
of ininnuiity. Shortly after the earliest researches on the bacteri- 
cidal power of the blood had been made, the idea of applying the 
results ol)taiiied in this direction to the production of iinmnnity in 
animals by means of injections of blood occiii'red. Tlie first step in 
tins direction Avas taken by Riehet and Tlericonrt^ who succeeded 
in vaccinating ral>bits against a var*iety of staphylococcus by moans 
of defibrinated dog’s blood. 1’he <log is naturally refractory against 
this organism, and tlie blood of a normal dog exercised a certain 
vaccinal or protective influence on rabbits inoculated with the staphy- 
lococcus. But this action was much more marked wlion Riehet and 
280] IRh-icourt employed tlie defibrinated blood of dogs Avhich had jire- 
viously received inoculations of the staphylococcus. Shortly after 
this observation, von Behring- made Ids discovery of antitoxins 
in the blood serum of animals immunised against tetanus and 
diphtheria toxins. In collaboration Avitli Kitasato he demonstrated 
tliat the serum of these animals, Avhen injected into normal animals, 
protixdcd them against intoxication l)y the poisons of diphtheria 
and tetanus. This groat discovery, which has been coiilinned on 
all sides and extended to other poisons, gave rise to the Anew 
that a serum exerting any protective poAver de])ends solely on its 
property of impairing tlie action of the toxins. A more careful 
study of the phenomena Avhicli appear under the influence of the 
serums has, however, dcmonsteifed the inaccuracy of tliis view. 
I Avas able to furnisli the proof^'^ that the blood serum of rabbits 
vaccinated against the micro-organism of the Gentilly pneumo- 
enteritis prevented normal rabbits Irom contracting a fatal infection. 
Nevertheless, the serum exerted no influence on the toxin of this 

1 Compt. rmd, Acad, d. Sc,, Paris, 1888, t. ova, p, 750. 

2 Behring u. Kitasato, Deutsche med, Wchrtschr., Leipzig, 1890. S. 1113, 

3 Ann, de Vlmt. Pasteur, Paris, 1892, t. vi, p. 299, 
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micro-organism; tlic raW)its that received tlie minimal letlial dose 
of this toxin, mixed with serum from vaccinated rabbits, died, as 
did the control animals, from rapid jmisoning. It was evi<lej)t then 
that this scrum, which prevented infection without in any wny 
hindering intoxication, could not be classed in the category of 
toxic serums. We *find ourselves, therefore, in the presence of 
a new pro})erty of the fluids of the body to Avhich wo have given 
the name of proiectim or anti-mfeefim potrer. We ai‘c driven to 
this conclnsion the more as the serum in questio)! was neither 
bactericidal nor agglutinative. 

Tins discovery Avas soon coniirmed by K. Pfeiffer^ for the cholera 
vibrio. Animals vaccinated against this organism furnished Pfeifter 
Avitli a serum A\diieli, wdiilst not at all antitoxic, Avas distinctly pro- 
tective Avheii injected into normal guinea-pigs. It protected these, 
animals from a fatal infection by the vibrio and, when injected into 
the peritoneal cavity, it set up the granular transformation of tlie 
cholera vibrios, — Pfeifrer's phenomenon. Pfeiffer, for this reason, 
gave to. the protective anti-vibrio serum the name of Ijactcricidal 
serum. As the granular transformation Avas produced, under the [2Si] 
iniluence of this scrum, with cholera vibrios only and never Avith 
otlier species of vibrio, Pfeifter gave to the active sul)stance in 
the serum the name of spenfic cholemMiutih^ This substance, 
according to his theory, Avas formed in tljc animal body at the 
expense of an inactive antibody Avhich became transformed into an 
active substance under the influence of the peritoneal endothelium. 

The i)ossibility of thus vaccinating susceptible animals by means 
of the serums of immunised animals, quite apart from any anti- 
toxic poAver, was easily confirmed and extended to scAannl otlier 
infectiA^e diseases. Pfeiffer and Kollc^, Funek^y Chaiitemesse and 
AVidaP demonstrated it in connection Avith the experimental disease 
produced in animals by the typhoid bacillus; Loeffler and Abel"' for 
the Badlhis mli, etc. The protective or anti-infective power of the 
serum and other fluids of immunised animals Avas soon recognised 
as a general property, 

^ Zf,sc/rr,f. Leipzijr, 1804, Bd. xvi, S, 268; 1804, Bel. xvirr, S. 1. 

“ /Aachr. j\ Ilf/iJ-y Leipzig, 1800, Bd. xxi, S. 203 ; JJeiit.iche tried. Wchn.^chr.y 
Leipzig, 1896, SS. ISr,, 73e. 

^ La serotherapie de la fitivre tyidioidc,” Bruxelles, 1890. 

^ BulL Soc, med, d. Mrp., Paris, 1893, 27 janvier. 

Centralbl. /. BakterioL u, P<r,rasiUmk.. Jeiei, 1800, 1^^ Al)fc., Bd. xix, S. 51; 
FesUchr. z. \(){)jdhr, Sllftungsfeier d, rned. JVi/./i. lihAAnis, 1805 . 
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Pfcifler atul liis collaborators, as well as many other investi- 
gators, laid sj)ccial stress on the bactericidal cliaracter of these 
protective fluids. It was seen that the senuiis of immnnised ani- 
mals were (d’tcn almost or completely incai)able of killing the 
corresponding mici’o-organisms, but they were still regai’ded as 
bactericddal, because, wlien injected into tho [>eritoneal cavity of 
normal animals, they set np the transformation of vibrios into 
granules, or, in tlie case of other bacteria, determined certain phe- 
noinena of extracellular destruction. Whilst carrying on researches 
in this direction, Friinkel and SobcrnlicinP discovered a fact of great 
im[)ortanee. They found that the protective substance of the serum 
of animals vaccinated against the vibrios resisted heating to 70 i\ 
When submitted to the influence of this tempeiature, the serum lost 
its bactericidal power com|)lete1y, but remained quite as p]‘otectivo 
as the uuheated serum, when injected into snsce[)tible animals. This 
experiment, M’liieh has since been eontirmed re|>eate(lly, fnniished 
us with a means of sei)arating the bactericidal }H)wcr from the 
[282] j>rotcctive power in cases where both were pi’csent in the same 
serum. Later, in the hands of Lordet, it proved to be of great 
service in connection with Jiis researches on the concurreneo of two 
substances in acrpiired immunity. 

The possibility of obtaining Pfeiflbr's phenomenon outside the body 
by ^'reactivating ' the protective serum with peritoneal fluid or blood 
serum of normal unvaccinated animals lias still furthei’ facilitated 
the study of the actiou of the two substances in ae<piircMl immunity. 
It was with the help of this metliod that Pordet was able to furnisli 
so much valuable inforinatiou on the s\d)ject of anti-cholera serums 
and, later, on that of haemolytic serums. The discovery by Ehrlich 
and Morgenroth- of tlie fixation by the sensitive elements of the 
lieat-resisting (tliermostabile) substance (that Avhieh resists a tem- 
perature of f)5" — 70‘^C,) constitutes a new and important ac(|nisitiou 
to the study of acquired immunity. The discovery has been ajiplied 
by Pordet to micro-organisms, and since tlien it has lieeii found 
possible to study much more i)recisely tlie mode of actiou of 
specific protective serums. 

Even before this last scientific advance had been made it was pos- 
sible to determine the relations between the protective power and tlie 
agglutinative power of the fluids of animals that had acquired 

^ Hygien. Rimdschaii^ Berlin, 1894, iv Jalirg., 97, 145. 

^ BerL fdiu, fVehmehr,, 1899, S. 0. 
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jinmuiiity. Both resist about the same temperatures; both are 
found in the blood jdasma and pass into the fluids of ewidations 
and transudations. But it may be aflirmed with certainty, as already 
stated, that the two ]U’oj)crties are (piite distinct. Pfeifler has laid 
great stress on the fact tliat liigldy protective serums often exlni>it 
only a feeble agg^utiyati^e ])owcr and vire vemi. Duiing an in 
vestigatioiP into an epidemic of typhoid fever, he had occasion to 
study the serum of patients convalescent from this disease. Thi^ 
exact dosage of tl)e two )>ro]>erties demonstrated tiiat a slightly 
marked agglutinative property migld. be associaterl with a very 
powerful protective pro[)erty. Gheorghiewsky “ made similar obser- 
vations on animals vacoinated against the Jiarillrs pj/inniamm, 
'fhe serum of a goat, although more agglutimitive, invariably proved 
to be less ]>roteciive than tliat of a rabbit. A similar result 
was oV)tained witli the scrum of immunised guinea-j)ig.s. ‘^This 
slows distinctly conclu(h‘S Gheorghiewsky- that the property 
possessed by serums of agglutinating tlie Barilhii< pyocyaHcm docs 
not march ])arallel witli the protective property '’ (p. dOl). Analogous 
e\ainj»les arc sufliciently numerous to justify us in acce])ting the 
distijietivoness of the two jiroperties of specific serums. 

The jiroteetive or anti infl'ctive substance is, therefore, not the 
same as thc‘ agglutinin. But are we justified in regarding it as 
identical with tiie fixative substance, or fixative (sensil)ilising sub- 
stance, immunising or iiitermediaiy substance, or ainlK>eei)tor) ? From 
tlie fact that the fixative was at first riglitly designated by Bordet 
as jirotective sulistance we shoidd conclude in the aflirmative, Tlie 
(piestion is an imjiortant one and merits close examination. Tlio 
discovery of an exact metliod of determining the pivsence of 
fixatives has rendered it jiossililc to ascertain whether these sub- 
stances are always found in the iiroteetive fluids and also whether 
the presence of fixatives necessarily implies tlie jirotective power 
of the scrums. ' 

The first of these questions luis been answered in the aflirmati\ e. 
All the protective serums studied from tliis jioint of view, by Bordet 
and Gengou, were found to lie endowed Avitli very distinct fixative 
])roperties. They also found the specific fixative in the serum of 
guinea-pigs immunised with the attenuated bacilli of the first \;icciiiO 
of Pasteur. Now tliis sei'um is powerless to prevent the jiroduction 

^ Typlmsepidcniicn uiui Trinkwassery Jena, LS!lS, S. 26’. 

‘ A ftn. da Clust, Pasteur^ Paris, 1S9J), t. xiii, p. 2.98. 
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of fatul infection in mice into which is simultaneously injected the 
bacillus of tlie first vaccine. Consequently a fixative fluid is not 
necessarily protective. This is in accordance with the fact that the 
micro-organisms that liave absorbed the fixative may, nevertheless, 
retain their virulence. We have already cited the experiment of 
Mcsnil that the baeilli of swine erysipelas, nv’xed with the specific 
serum and then deprived of this fluid, produce a fatal infection in 
mice. \^’e have also drawn attention to the fact, demonstrated by 
Sawtehenko, that anthrax bacilli, obtained from the exudation of 
immunised rats, give rise to a fatal anthrax in normal guinea-pigs 
and rats. The experiments of Bordet and Gengou proved that there 
is absorption of the fixative substance liy the bacilli of swine 
ery.sipelas and of anthrax wiien placed in contact with the specific 
serums of the immunised animals. In order that the iirotcctivc 
power may manifest itself adequately, therefore, Itesidcs the fixative 
substance, some other factor cajiable of acting is also necessary. 

4] In connection with my work on immunity against the micro- 
organism of swine pneumo-enteritis 1 was able to demonstrate that 
the serum of vaccinated rabbits, incajiable of preventing the multi- 
jilication of the specific cocco-bacillus, is also powei'lcss to dejirive it 
of its virulence ; it is without the jiowcr of causing its agglutination 
or of neutralising its toxin. In short, this scrum aiipeara to exercise 
no direct action on the micro-organism, yet, in spite of tliat, it 
lircvents its pathogenic action. With these results before me, 
I was led to assume a certain stimulating action of the serum on 
the defensive elements of the animal organism and especially on tlie 
phagocytic system. The discovery of the fixative propeidy of scrums 
would lead us to believe that this stimulation was entirely useless, 
and that the permeation of micro-organisms by' tlio fixative was 
amjdy sufficient to bring about their destruction and I’cmoval from 
the animal. A living micro-organism in its normal form, endowed with 
full virulence and provided with its fighting Aveapon, the toxin, but 
at the same time jiermeated by the fixative substance, might behave 
in the animal in some special way. It might excite a strong posi- 
tive cheraiotaxis of the leucocytes and be ingested and destioyed by 
these cells with greater facility. A priori, there woiild be nothing 
to object to in this view', but certain facts are opposed to it. Thus, 
in the case of micro-organisms just cited, we see bacteria, permeated 
not only with the fixative but also with cytases, cajiable of jiroducing 
a fatal infection. We are thus compelled to accept the theory of an 
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influeiice of protective serums not only on the micro-orgunisins but 
also on the organism of the animal into which tliey are intrixlnced. 

As tliis influence manifests itself in the form of a strong pliagocytosis, 
it is only natural tliat we should attribute it to tlie existenee of 
a action of the serums of vaccinated animals on the 

phagocytes of the nprimd animals. The detailed analysis of the 
mechanism of the immuiiity acquired as tlie result of tlie injection 
of tliese serums, as we shall attempt to prove hi the following 
chapter, in many cases confirms this view. 

'^rhe important part played by the stimulation of the phagocytic 
reaction in acquired immunity is supported by yet anotlier series of 
fiicts and from a diflereiit side. It has been clearly established that 
not only the serum of immunised animals but also that of normal 
man and normal animals, tlieniselves susceptible to the pathogenic 
action of the micro-organisms, protects the animal organism against 
infection. Tliis fact was first demonstrated in connection with rc- 
scarchos on the vaccination of guinea-pigs against the experimental [*2S5] 
peritonitis produced by the cholera vibrio. 

G. Klenqierer^ was the first to observe that the blood of severjd 
individuals who had never had cholera w^as, nevertheless, in the 
ease of guinea-pigs, protective against peritoneal infection by the 
cholera vibi'io. lie concluded therefrom that the individuals who 
had furnished this protective blood possessed immunity against 
cholera. Soon afterwards was able to extend analogous re- 
searches over a large number of persons and to show that the 
))rotective poAver of the blood is of very wide distribution in human 
beings. But, instead of assuming that all these individuals, whoso 
fluids protect the guinea-pig from peritoneal infection, possess a 
natural immunity against cholera, I came to the conclusion that 
the protective power of the blood cannot be taken as a measure 
of the immunity of the individual from wiiom the blood was drawn. 
Here again I assumed a stimulaht action of the human blood on 
the phagocytic reaction of the guinea-pig, looking upon it as (piite 
natural that tlie blood, cajiable of exciting the reaction in an alien 
animal, might remain inactive in the body of tlie animal wliicli 
furnished it. 

K. Pfeifier^ has given much attention to the protective action 

^ JJerl kiln. lVclmscht\ 1892, S. 070. 

Ann. de l,\Jnst, Pasteur, I'aris, ISOM, t. vir, p. UL 
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of Hcrmiis; lie lias laid special stress on tlie essential difference 
lietwcen the influence of normal stiriiins and of those obtained from 
animals that liave ac(|uired imnmnity. Wlvilst, in order to obtain 
a protective effect with the normal lilood or scrum of man and 
animals, it is necessary to inject a considerable quantity (fi'oni 
(Ca C.C. upwards), the specific serum, i.c, sprnm obtained from 
persons recovered from cholei'a or from animals vaccinated against 
tiic cholt'ia vibrio, is active in a very minute dose. Sometimes the 
cholera jieritonitis of the guinea-i>ig is prevented by a fraction of 
a milligramme of sucli serum\ Based on these facts, rfeiffer has 
expressed the view' that the normal serum acts by stimulating 
tlic natural jiowers of defence of the animal, whilst the specific 
serum exercises its influence in virtue of the proiierty of causing 
the formation of a special secretion which acts only against the 
micro-organism whicli served for the production of the immunity. 
I’feifl'er and his collaborators have demonstrated that normal serums 
are protective, not only against the cliolera vilirio, Imt also against 
several other micro-organisms, e.g. the typhoid bacillus. One of his 
[•2S6] impils, Yoges-, believed that, in certain infections, the protective 
])0wcr of normal blood might be gieatly exaggerated, and that, 
in these cases, the limit between tlie activity of normal and of 
specific serums might be almost completely cfl'aced. lie aflirmed, 
cs]iccially, tliat very small doses (O-l c.c.) of blood serum from 
a normal guinea-pig was quite suilicicnt to jirevent, in other guinea- 
pigs, a fatal infection by tlie micro-organism of hog cholera and 
its allies. .\s this fact might be of general aiiplication I asked 
M. Saltykolf *, who was working in my laboratory, to verily the 
statements of Voges. Several scries of experiments demonstrated 
the incorrectness of tlie contention. Tlie .small doses of normal 
serum of guinea-pigs, indicated by Yoges, were found to be ab- 
solutely incapable of })rotectiiig against the virus nscil by him in 
his experiments. ' 

The fact that normal serums, injected in sufiiciently large doses, 
exhibited an undoubted protective property^ affords additional 
proof that this property cannot be identified with the fixative 
power. The latter was present in serums which were not pro- 
tective ; here, then, we have the inverse phenomenon and we see 

* S<;<? Lazarus, Berl. Hln. IVchnsrhr., 1S<)2, .S. 1072. 

" ZUchr.f. Ihjg., Leipzig, 1896, Bd. xxiii, 8. 149. 
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jiorinal seriuns exercise their protective action althongli they contain 
no fixative. This follows from Bordet and Gengoiis e.\|>erirnents 
already described, according to which the cytases, placed in contact 
Avitli nncro-organisins in normal scrums, remain free, simply becanse 
of the absence of fixatives. 

We are led, then^ from these demonstrations to recognise llie 
presence of stimuli ns not only in specific serums, but also in normal 
serums. Between the two there is this diflerencc that, when apijlicd 
with the normal fluids, tlie stimvdins alone act, whilst when injected 
witli the serum of the animal enjoying acquire<l immunity tlie action 
of the stiniulins is facilitated and reinforced by the fixatives or 
sometimes, perhaps, by tlie agglutinins. 

The stinnilating iiiflneiice of certain normal serums may be so 
considerable that it may prevent infection by the micro-organism, 
injected at the same time in a dose many times more than lethal. 
Wassermann^ protected guinea-pigs by injecting into the peritoneal 
cavity a quantity as great as 40 times the letlial dose of typhoid 
bacilli, by introducing at the same time and at the same place 3 c.c. 
of normal rabbit's serum, heated to 60° C. Besi‘edlva‘“, wlio confii'ined 
this observation, has analysed its special meclianism. He sliowed 
that the serum exercises a very marked stimulating influence on 
tlic guinea-i)ig’s leucocytes, wliiclt then exhibit a truly extraoi’dinary 
phagocytic activity. Tliey are seen to act in the peritoneal fluid, 
but they are much more active in the region of the omentum, wlicrc 
the leucocytes gorge themselves with micro-organisms, devouring 
them by dozens. Tiie stimulating action of the lieated ral)bit s serum 
is exercised in a similar fasliiou if, instead of micro-organisms, grains 
of carmine be injected. Very shortly after tlie commencement of 
the exi)eriment very little carmine is found outside the cells ; it is 
all either ingested by individual leucocytes, if the grains arc small, 
or surrounded by numei’ous leucocytes wlien the grains are massed 
together ; this phagocytosis is most developed in the region of the 
omentum, exactly as in the case of typhoid bacilli. 

These fiicts, which so clearly demonstrate the stimulating action 
of the noraial rabbit’s scrum, prove in another way tluit tlie stimuliu 
resists heating to 60° C., and that, in this respect, it resembles tlie 
agglutinins and fixatives. This may aiford us an indication as to tJie 
nature of the stimulating substance. The possibility of obtaining an 

^ DeuUcIie med IVchmc/rr., Leipzig, 1901, 8. 4. 

- yl?rn. de Vlmt. Pasteur^ Taris, 1901, t. xv, p. 
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antistiniuliii gives us another valuable indication. Wassennaiin, 
in the work we have just cited, showed that the serum of a rabbit, 
previously treated with guinea-pig's scrum and injected under the 
same conditions as in tlie exi>eriment with normal rabbit's serum, has 
com])letely lost its protective power. Tlie typhoid bacilli multiply 
freely in the ])eritoneal cavity and the organism of the guinea-pig 
is incapable of opposing a suHicieut resistance. Wasson ran n thinks 
that, in tliis case, the disease becomes gi'ave because of the anticytasc 
found in the serum of rabbits treated witli guinea })ig's blood. Tliere 
is no doubt tiiat tliis serum is really anticytasic. J3ut as tlie free 
cytases ibund in tlie peritoneal cavity of a guinea-pig inoculated at 
the moment of phagolysis, liecomc inactive under the inlluence of 
the anticytasc and play merely a minor part, it is impossible to ac- 
[•2SS] cejit the German investigator’s interjiietation. Indeed, Besredka has 
jiroved that, in this case, it is the antiphagocytic or antistimulant 
action of the rabbit's scrum which brings about the iiital issue in 
the case of the typhoid inoculation. 

We have laid stress on the point tliat an animal, who.se scrum i.s 
protective wlien introduced into anotlier animal, may itself not be 
refractory against the specific micro-organism. As regards tlie .serum 
of normal unvaccinated animals this has been so fully denuinstraterl 
that nowadays no one doubts it. The question is more conqilictited 
in the case of animals that have acquired immunity. As in the 
great majority of cases the serum of tliese animals is found to be 
endowed with a very great protective jiow'er, it has been accepted 
as proved that the animal which furnishes it must itself possess 
great immunity. The degree of [irotecdive jiowcr has even been taken 
as the meitsui-e of the acquii’cd immunity'. Thus, the numerous 
attempts to vaccinate the liiunan subjijct against typhoid fever, 
umlertaken in consequence of the researches of Pfeifi'er and Kolle\ 
were based on the fact that in these cases the serum of vaccinated 
indiviiluals acquires a great protbetive iiower. It was argued that 
if this power is present it can only be due to the acquired immunity 
of the imlividuuls who furnish such a serum. Undoubtedly the pro- 
tective pro])erty of the fluids and the resistance are often equal ; but 
it is none tlie less tnie that there arc cases where, in spite of this 
property being markedly developed, the animal that furnishes the 
protective serum is susceptible to the action of the micro-organism 
and may even succumb to infection therewith. 

1 Ztschr.f. Hyg., Leipzig, 1896, Bd. xxi, S. 203. 
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the hypothesis just mentioned is of importunee from a 
general point of view it iiiust be supported by adequate ])r<K)f, It 
was duriiiL!: the course of tlic vacciiuition of rabbits against tlie 
niiero-organism of the pneiiiuo--enteritis epidemic at Centiliy Uiivt 
I Avas iirst able^ to assure myself of its accuracy. I noticed that 
some of these rabbits, althougli vaccinated, ultimately succumbed 
to i)yaemia, set up solely by this micro-organism. They were con 
se([uent]y not refractory against the disease, and yet their blood 
serum, when injected into normal rabbits along Avith an absolutely 
fatal dose of micro-organisms, Avas found to be highly protective. 
Tliis observation droA^e me to the conclusion that the protective 
power is not a function of immunity and cannot be received as a 
measure of this immunity. Amdogous facts have since been demon - 
strated in certain other cases. Thus, Pfeilfcr- on several occnisioiis has 
found that guinea-pigs, highly immunised against the cliolera vibrio, 
have succumbed after the injection of a moderate quantity of these 
organisms. ‘'On post-mortem examination of these cases living 
vibrios Averc found in the peritoneal cavity, sometimes in considerable 
numbers ; and yet minimal doses of the heart blood given to normal 
guiuea-i>igs caused in tluise animals a very marked breaking doAvn of 
I he vibrios.” Alongside these facts may be placed otljcrs, described 
in the preceding cha])tcr, of Avell-immunised animals dying from infec- 
tion, after tliey liad been Aveakenod by opium, cold, or otlier lowering 
agent. It is clearly seen, then, that for the manifestation of acquired 
immunity it is necessary tliat the reaction of the living cell elements 
should take place Avithout let or hindrance. When this reaction fails, 
the possession of even great protective power is insuHicient to prevent 
the immunised aniinid fi'om contracting a fatal infection. 

If, in ac(p lived immunity against micro-organisms, it is really the 
cell defence Avliich plays the most important part, we can readily 
imagine eases Avhere it by itself can confer immunity Avithout calling 
in the co-operation of the protective poA\"er of the fluids. When in 
this connection Ave study the resistance of an animal against A^arioiis 
pathogenic organisms, Ave note, first of all, the very great variabilily 
that exists in the production of the acquired humoral properties. In 
certain cases, as in vaccination against vibrios or typlioid l>aciili, tlic 
serum voiy readily becomes not only protective, but agghdiiudivo 
and fixativ^e. In other cases these properties deveIo[) Avith <JifiicuUy 

1 jinn, derinst. PaHtmr, Paris, t. vi, p. :i00. 

’ ZUdir.f. llyg., Leipzig, ISDo, Bd. xix, 8. 82, 
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and are only manifested after a long ])eriod of A^accination. Such m 
tlie case Avitli anthrax. After the discovery of protective serums, 
numerous attein[)ts Avei’e made to obtain a serum protective against 
the anthrax bacillus. Several observers f tiled in their attempts, 
others Avere more fortunate. Sclavo^ and Marchoux^ Avere the first 
to succeed in obtaining a protective serum tfrom animals hyper- 
imniunised against antlirax. They Avere able to show that tlio 
serum of sheei>, treated first witli vaccines and then repeatedly 
Avith anthrax virus, would i>rotect rabbits against a fatal dose 
[‘200] of the bacillus, .^larchoux caxui obtained, Avitli hA j)eriiinnunised 
rabbits, a serum Avhich prevented normal rabbits from contract- 
ing fatal anthrax. Sobernheim" Avas less fortunate in his first 
experiments. He satisfied himself that the blood serum of cattle 
that had recovered spontaneously trom anthrax or that had been 
vaccinated according to Pasteur’s method, was absolutely unal)le to 
protect sunill animals against the anthrax bacillus, and Ins J)yj)er- 
Anccinated rid)bits furnished serums of doubtful activity. It was 
only later that he succeeded^ in obtaining better results ; especially 
Avlien he used shc‘ep. Even then he found that in tlie production 
of the antidnfectiAX property the individuality of the immuuised 
animals had a dominant influence. Thus, in two sheep, treated iii 
exactly the same Avay, the serum of one was found to be iucajiable of 
protecting a rabl)it, Avhilst tliat of the otlier exhibited an undoubted, 
although feeble, protective i)ower. 

But Avhat is of greater interest to us, from our point of vieA\;, h 
that guinea-pigs Avhich have been A’^accinated against anthrax and 
Avhich enjoy a considerable immunity against this disease, exhibit no 
protective |)OAver. In a letter from Behring I learnt tliat this fact 
had for the first time been dmnonstrated by Wernicke in experiments 
carried out in the Hygienic Institute at Marburg. After repeated 
and painstaking attempts tliis observer succeeded in vaccinating 
guiiiea-])igs against enormous doses of virulent anthrax bacilli. Tlie 
serum from the animals so immunised Avas, liowever, (|uite incapable 
of protecting normal guinea-pigs against a fatal infection. This result 
was the more extraordinary since Wernickes jiigeons, likcAvise vac- 

1 [CentralbL /, />a/dertuL u. Parasitenk,, Jena, ]s05, lid. xviii, S. 744]; Pit>, 
(Vlff, a Sat). PuhU.^ Torino, 1H9G, t. vn, nos. 18 — If) ; ibid. 1001, t. xit, p. 212. 

“ Amt. de rimt. Pai<fviit\ Paris, 1805, t. ix, p. 785, 

3 Ztschr.f.liyg.., Leip/Jg, 1807, I5d. xxv. :101. 

Ztsdir.f. Hyfj., Leipzig, 1809, Bd. xxxr, *S. 80. 
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ciliated against antlirax, gave a serum whose protecdive j>ower was 
quite distinct. Realising the great importance of tliese hu ts 1 asked 
M. do Nittis^ to repeat tliese experiments in 1115^ laboratory. 'I'hc 
vaccination of jiigeons is an easy matter, but that of guinea pigs 
presents great difficulties. lie succeeded, nevertheless, in vaccinniing 
some of these rodente very highly, and this enabled him to com]>arc 
the protective jiower of the blood serum in the two species. That of 
the vaccinated pigeon was found to be endowed with this jiower and 
protected guinea-iiigs and mice against virulent anthrax. The serum 
of the iininunised guineaqiigs, on tlie contrary, exhibited no pro- [ 
teetive projierty, just as in Wernicke’s ex[)ei*iments. The guinea-pigs 
and mic(^, into which this serum was injected at tlie same time as 
the anthiiix liacilli, died even when attenuated anthrax was used. 
We have, then, in this case, an example of acquired immunity, inde- 
pendent of any protective power of the fluids of the body. 

In the course of tiieir researches on the bacillus isolated by 
R. JTeiffer from persons attacked by^ influenza, Delius and Kolle" 
tried to vaccinate susceptible animals (guinea-pigs;) against this 
minute organism and to immunise animals naturally refractory (dog, 
shoe]), goat) against fiiirly large doses of cultures. They succeeded 
in vaecrinating guinea-pigs against ten times the lethal dose, but 
never obtained any iirotective serum. Nor did the other animals 
that were treated furnish a protective serum. “From the wliole of 
our experiments carried on for several years — conclude Delius and 
Kollc — ^Mt is quite evident that we were umdile to produce any 
aj)preciable change in the blood by the use of those methods which 
have jirodnced s|)ecitic immunising serums against other bacteria 
such as the bacilli of diplitheria, cholera, tyjdioid fever, and ‘ Idiie 
pus’” (p. :M 5 ). Slatincano undertook a detailed study of Pfeiftcr's 
bacillus in my laboratory, but he found it impossible to demonstrate 
any unquestionable protective eflect exerted by tlie blood serum of 
vaccinated guinea-pigs upon normal guinea-pigs inoculated with a 
fatal dose oi* tins organism. We are not justiliiHl, therefore, in classing 
this bacillus with the anthrax bacillus ; we may, however, cite it a< 
an argument illustrating the difliculty that is met with, in certain 
exanq)les of ac<]uired immunity, of discovering the protecti^'e power, 
when feeble and masked. 

The inoculation with mici*o-organisms of animal nature causes the 

^ Ann, de VImL Pai>teur\ ran.s, J901, t. xr, p, 7<J1X 

* Zi.ichr.f, Ilyij., Luipzig, 1807, xxiv S. Ail". 
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development of ue(piired imnninity, but in this case the j)roj>erties 
of tlie fluids of the bofly are but little in evidence or tlun may be 
even uiL Let us return to the example of the Ti'ifpanoi^oraa ot the 
rat which excites in vaccinated animals a protective and Aveakly 
agglutinative pOAvo* of the serum, ^bhis fluid, howevei’, is usually 
found to be incapable even of rendering thee flagellated parasites 
motionless. 

The question of imnuinity against malaria has been much dis- 
[•292] cusse<]. It is well knoAvn that a first attack of tl)is disease, so far 
from conferring any immunity of the slightest dural>i1ity. leaves a 
certain ])redispositiou to another attack. In sifite of tliis the study 
of malaria in various countries and in individuals belonging to 
different jaees has deimmslrated tliat there does indeed exist a 
certain degree of acquired immunity against tliis disease. During 
recent years Koch^ has ])ai(l spc^fial attention to this subject and lias 
furnished us with very valuable data, l)ased especially on a com- 
parative study of tliC blood of children and adults. Tlie frequency 
of Laveran s jiarasite in the former and its rarity :n the latter, have 
led him to tlie couclusiou that infantile malaria sets u|) an immunity 
which persists in the adult. Moreover, it has been establislied that 
in malarial countries the indigenous inhabitants exhibit an attenuated 
foi*m of the disease, unaccompanied by acute attacks, but Avith phe- 
nomeua that arc chronic and very slow in develoimient. 

In spite of the existence of a certain degree of aequired irn- 
ninnity against malaria, all attempts to demonstrate any protective 
action of tlie serum have been fruitless. (_'elli \ indeed, injected, as a 
})i'evcntive, the bhajd serum of individuals who had i*ccovcred from 
malaria oi* of otliers who were bled during the jieriod of defer- 
veseenco following an acute crisis of this disease, but in every 
instaiK*e these injections were found to be useless iii pro\enting an 
attack of inalaria. 

AVe can readily understand that in a disease which is exclusively 
luiman, siieli as malaria, it lias not been possible to perform a 
suflicient number of experiments to decide the question of the 
protective property of the blood. In this respect we shall liave 

^ Deufi^ehe mecL IVclimchr.^ Leipzig, 1900, »S. 78 J. 

* La Malaria sccondo le miovo recherche,’’ Iloiiia, 1899, p. S6 [translated into 
English by Eyre from the 2nd Italian edition under the title “ Malaria according to 
the now researches,” London, J 900]. Dio Malaria ” [German translation of same] in 
Behring's “ Beitrilge z. exper. Therapie,” 1900, Bd. i, Hft. 3. 
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j^rcater clianee of obtaining* satiRfactory data if we direet (uir atten- 
tion to some iuialojrons disease attacking one of the lowta- aifunals. 
Such a disease wo have in Texas fever, occurring in tlie Isovifiae, 
as the result of the action of an animal parasite, Piropla^ma 
invades the red blood corpuscles much as l/avovan s 
parasite invades thos^j of the liuman subject. 

As mentioned in the preceding chapter, Smith and Kilbome 
and Koch have demonstrated tl)at the Bovidae may acipiirc a 
real immunity against 'J’exas fever. Kicolle and Adil Bey^ atj 
Constantinople found indigenous races that exliibited a remarkable 
immunity against the IHrop/asmcL Having demonsti'ated this fact 
the idea occurred to tliem to inoculate these refractory cattle ^vitli 
veiy largo quantities of virulent blood and to make use of tlio serum 
from aiumals so treated for the prevention of infection in susceptible 
races of Bovidae. This experiment gave negative results. lJgni(>res" 
elal>oratcd a, s|)ecial method of vaccinating susceptible ^Bovidae and 
was successful in obtaining very encouraging results, A commission 
of veterinary surgeons from Alfort"^ appointed to verify tlicse (>l)serv- 
ations came to the conclusion tliat ^^iho vaccination as canied out 
by lagnieres was absolutely eltective.*’ 

Lignicres also carried out researches on the protective power of 
the blood serum of Ins immunised cattle. In a conmniuication to 
the International Congress of Aledicine, lield in Baris in 1900, lie 
stated that the injection of several liundred cubic centimetres of this 
fluid did not protect normal animals against infection. We must 
conclude, tlicrcforc, that, here also, we have another exam[)le of 
ac(|uirc<l immunity unaccompanied by the |)resence of any protective 
])ro])crty of the blood fluid. 

These results Ijuvo received confirmation from a most anthoritative 
source, Nocard lias kindly coimiumicated to me the fact tiiat he has 
tried in vain to confer immunity on normal dogs into which he has 
injected blood serum coming from dogs that liad recovered from the 
disease produced by a luiemato/oon closely allied to tliafc of Texas 
fever or serum from sheep immunised with blood from the afleetted 
dogs. 

Looking at the data we have just summarised as a whole, wc arc 

^ Ann. de VInst. Pasteur^ Piiris, 1899, t. xni, p. 343. 

- ‘Tristeza’ ou Malaria bovine dans la liepublique ArgontineC Buenos 
Ayres, 1000, p. 142. 

** Bull. Soc. centr. de med. vetevin., Paris, iOOO, seances des 12 ct 2(> jnilict. 
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conij)elle<l to rccoguisc tluit, on tlic one hand, the protective power of 
' the body fluids may coincide with a susceptibility to the corre- 
sponding micro-organism, and tliat, on the otlier, real acquired 
immunity may exist Avitliout any manifostatioii ot this liumoral 
property, especially as, even in immunised animals, the acquired 
immunity often pei’sists longer than does tlvs propei’ty. It must 
be accei)ted then, that, in this immunity, there exists something 
other than the powers of tlie fluids of the body, that is to say, the 
factor which plays the predominant part is to bo sought for in the 
[204] cellular elements. We need only recall the many facts collected in 
the preceding chapter to be convinced tliat in acquired immunity 
pluigocvtosis is the most coiistant and most general phenomenon. 
We find it in cases where the humoral pr()i)erties are the most 
marked, as well as in those in which they are only slightly developed 
or are entirely absent. We need not again discuss Pfeiffer's phe- 
nomenon analysed in the preceding chapter. It is sufficient to 
mention that this example of the extracellular destruction of micro- 
organisms only occurs umler limited and special conditions. It is 
observed only in eases wiiere the injection is made into a situation 
rich in leucocytes wliieli undergo phagolysis as a result of the sudden 
ehauge brought about in their conditions of existence. Further, this 
piienomenon is observed only in conueetion with micro-organisms 
tliat are slightly resistant to the infliieuee of the microcytases. In 
those cases in which we meet with Pfeiffer’s phenomenon, wo also 
meet with a widely extended phagocytic reaction. 

This reaction is most pronounced where the projierties of the 
borly ffuids are onl}’ slightly developed or arc absent. The study 
of acquired immunity against anthrax provides us with a very 
conviueing proof of this. We have abcady cited the example of 
vaccinated rabliits and rats in wliich jihagolysis is incomjiarably 
greater than in tlie susce]itible control animals w liicli contract a fatal 
anthrax. Tliis ride is general. It is conffrmed in tlie vaccinated 
shcH'p and guinea-pig. The absence, or feeble dcvelojiniciit, of the 
protective iiower of the blood or of tlie other humoral jiropertics in 
110 way, then, prevents the considerable change which is set up in the 
]>hagocytes of animals that have acquired iininuuity against anthrax. 
Tlie negative chemiotaxis of the leucocytes, so marked in susceptible 
animals, is modified into positive chemiotaxis as the result of 
vaccination. This fact, one of fundamental importance, was first 
demonstrated for the immunity against anthrax, later being ex- 
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tended to otlier micro -organisms. Massart^ studied the general 
subject ami collected a series of data which led liim to say that 
vaccination effects an education of the leucocytes ; tliese latter 
become so adai)ted that they can approach the virulent micro- 
organisms.” The best method of forming an estimate of the cliangc 
which the leucocytes^ undergo is by injecting subcutaneuusly vei > [: 
virulent micro-organisms capable of setting up a generalised in 
feetion. The anthrax bacillus, Camaleia's vibrio, the streptococci and 
the cocco-bacilli of swine and fowl cholera are very suitable for such 
study. These micro-organisms, when inoculate<l subcutaneously into 
susceptible animals, set up a very slight local reaction or none at all, 
in tlie form of an exudation of transi>arent flui<i almost entirely 
without leucocytes. Tlie micro-organisms grow freely in these ex- 
udations and soon invade tlie animal. In vaccinated animals the 
local I'caction is more marked and the exudation, very rich in 
leucoc\ tes, is i^oor in fluid ; the micro-organisms remain free for a 
very short time, being soon ingested by the leucocytes. Their de- 
struction, inside these cells, takes a longer or shorter time according 
to circunjstances ; but in the end it is always com]>lete. 

The diflerence as regards phagocytic reaction between susceptible 
and vaccinated animals, such as 1 liave just described, has been 
generally recognised by many observers. xV few opponents ai’e still 
found, however, who consider that they are justilied in aflirming that 
the negative chemiotaxis of the susceptible animal does not exist and 
that, conseiiucntly, vaccination can in no way change it into positive 
chemiotaxis. Werigo made himself the spokesman of this view, 
Avhich he has maintained in several papers Instead, however, of 
introducing the virulent micro-organisms into the subcutaneous 
tissue of susceptible animals he injected them directly into the veins. 
Using cultures of the anthrax bacillus and of the cocco-bacillus of 
fowl cholera lie injects these into the venous system of normal 
rabbits. The animids soon die from general infection. If, however, 
tliese animals are killed shortly after inoculation, it is found on 
examination of sections that many of the micro-organisms liavc 
been ingested by the leucocytes. Werigo concludes from these facts 
that in the higlier animals the chemiotaxis is always positive : Imt 
tliat it ends in the destruction of the micro-organisms in the vaccin- 

‘ .^IrriL (k- V f it sL Pasteiir, Paris, 1S!)2, t. vr, p. :P21. 

Atitt. ds I'InH, Pffiitaury I'iiris, 1891, t. vrir, }>, 1 ; Atr/i. de mhL 
1898, t X, p. 725; Arch, russca dc Path. &c., St Petorsb., lSi)S. 
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ated animals, never bringing about tliis result in susceptible animals. 
Taking all tlic data on tins question into consideration, it is easy to 
convince oneself tliat this view cannot be accepted as correct, for not 
[29G] onlj" the definite plienomena observed below the skin but also the no 
less demonstrative process appearing in the peritoneal cavity ])rove 
most clearly the existence of this negativot cliemiotaxis of the 
leucocytes. I n<‘e<l only i‘ocall Bordet's experiment on the fate of 
sti‘e])tococci and Profeus vulgaris when injected together into the 
peritoneal ca\ity of guinea-pigs. Whilst the Proteus bacilli at the 
end of a very short time are all ingested by the leucocytes, the 
streptococci remain free in tlie peritoneal fluid up to the death of 
tlio animal. Tlie leucocytes Avliich exhibit a positive chemiotaxis as 
regards tlie former, manifest a negative chemiotaxis as regards the 
streptococci. 

in spite of the great force of these arguments, the discovery of a 
means of reconciling the residts obtained from the inoculation of 
micro-organisms subcutaneously or into the |)eritoneal cavity, with 
tliose observed after they had lieen injected into the blood vessels 
would be of great interest, and Zilberberg and Zeliony^ have under- 
taken a series of experiments with this object. Following Werigo 
they made use of the cocco-bacilli of fowl cliolera, and found, in 
accordance with liis oViservations, that the iutravenous injection of 
these organisms, obtained from cultures in nutrient media, causes a 
very marked phagocytosis of the cocco-bacilli. When, however, they 
injected into the veins of rabbits cocco-bacilli that had been growm in 
the peritoneal fluid of other rabbits, tliey found the micro-organisms 
free in the blood plasma and observed only a very restricted phagocy- 
tosis in the micro])hages of the liver. It follows from tliese experiments 
that the ingestion of tlie cocco-bacilli, in Werigo’s exjieriments, was 
dependent on tlie presence of a large number of attenuated micro- 
organisms which Avere present in the cultures that he einidoyed for 
his injections. AIongsi<le these organisms, slightly or not virulent, 
Avere others, endowiMl Avith their normal pathogenic activity and 
quite numerous enougli to set up a fatal infection. When Zilberberg 
and Zeliony replaced cultures on agar by the peritoneal exudation 
wliieh contained virulent cocco-bacilli almost exclusively, the phago- 
cytosis in rabl)its, injected into the veins, Avas found to be almost 
suppressed. With the object of establishing whether the absence of 
the phagocytic reaction, in this case, really depended on negative 
^ A nn. de Vlnst, Patiteiir, Pari.'*, 1903, t. xv, p. (>15. 
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cliemiotaxis on tlie ]»art of the leucocytes, the above cited o})scrvers 
performed the following experiment. They injected into the vein of [2J)7] 
a ral)l>it, already alTected witli a generalised infection by the coeco- 
bacillns of fowl cholera, an innocuous culture of a sapropliytic 
staphylococcus. l\)st-inortcm examination showed that these cocci 
Avere almost entirely ingested by the same phagocytes which refused 
so energetically to seize the coccO"l>acilli. This experiment, analogous 
to that of Bordet on stre])to(*occus and Protens, comj^els us to reject 
Werigo’s conclusions as to the absence of negative clicmiotaxis in the 
]>l)ago(‘ytes of the higher animals. 1 ought to add that the work of 
Zill)erbcrg and Zeliony was in part executed in my laboratory so that 
I Avas able to convince myself by ocular demonstration of the com- 
l)lete accuracN of their statements. 

Independently of these observers and even before their Avork ap- 
])eared, Th. Tchistovitch^ published an interesting study on the same 
<|uestiou. lie injec'ted very virulent streptococci into tlie ear vein of 
rabbits. These micro-organisms set up a generalised and latal infec- 
tion in wliich phagocytosis was com])letely absent or nearly so. Here 
again was manitested a negative chemiotax is of the phagocytes, which, 
henceforth, could no longer be questioned. 

In certain infective diseases terminating fatally a very marked 
phagocytosis is obsei’ved even in susceptible animals. The most 
ty])i(*al example of this is funiislicd by swine erysipelas and mouse 
septicaemia. We know from the researches of Koch% followed by 
those of Loeftter ’, Schtitz^ and others, that in animals Avhich have 
died from these two diseases the leucocytes are gorged Avith small 
specific bacilli. A method of vaccinating animals against the micro - 
organism of swine erysipelas Avas Avorked out by Pastexir and 
Thuillier^ and was afterwards studied by many observers. Thanks to 
tins method it has been possible to demonstrate the phenomena which 
may be observed in vaccinated animals (especially rabbits}. Here 
also a phagocytosis takes place, even more rapid and more complete 
than in susceptible aiiiimds. Wliat is more important, the intra- 
cellular digestion of the ingested bacilli is followed by the total 

^ Jfia. dc rinst. l^aifleur, Paris, 1900, t. xiv, ]>. 802. 

- “Uiitersuchungoii iiber die Aetiologic dcr Winidinroctionskraiikheitcii,” 

1878. [Translated iiito English in the New Bydenham Bociety\s Series, London, 

JsSO, Vol. Lxxxviii, under the title “On Traiuuatic Infective J.)iseasos.”j 

" Arb, a. d. K. GsndhtmmL^ Berlin, 18So, Bd. r, S. 46. 

^ Arb. a, d. K, Gmdhisamt, Berlin, 1885, Bd. i, S. 57. 

^ Cornpt, rend, Acad, d, sc., Paris, 188;i, t. xcvii, p. 1103. 
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destruction of tl)e niicTO-or^anisiiis in tlio vaccinated animals, though 
in the normal animals tliis digestion is very imperfect. 

The acquisition of immunity against micro-organisms is, therefore, 
due not only to the change from negative to i)Ositive clicmiotaxis, but 
also to the perfecting of the phagocytic ami digestive powers of the 
leucocytes — a general superactivity and adapbdion of the phagocytic 
reaction of the immunised animal is produced. Tins conclusion, 
based upon a large number of well-established facts and in complete 
harmony witli the wliole of the data at our disposal concerning 
acquiied immunity, has been attacked by Denys and Leclef ^ in tlieir 
work on tlie streptococcus. They base their oi)posilioii u|)ou experi- 
ments made in vitro on tlic action of serums and leucocytes on this 
micro-organism. They have comj^ared the bactericidal [xnver of 
mixtures of the serums of normal and of vaccinated lubbits Avitli 
leucocytes isolated from exudations from these two groups of 
animals, Tlie leucocytes, whether derived from normal or from 
vaccinated rabbits, when mixed with normal serum were eiiually 
incapable of ingesting and destroying the streptococci. Wlicn mixed 
with blood serum from vaccinated rabbits, liowever, the two kinds of 
leucocytes exhibited a very marked i)hagocytic reaction. Denys and 
Tjeclef conclude from tliis that phagocytosis, although an imiiortant 
fiictor in immunit} , plays merely a secondary part and is dejicudeut 
on the humoral projiertics. The experiments and views of tlicse 
two oliservers have been generally received by tlie [)artisans of 
tlie bactericidal theory of the body fluids as an actual proof of 
this theory. We cannot agree. Kesearches extending ovei' a long 
jieriod have shown us that the study of pliagocytosis in vitro can 
give only a very iiiexjict and imperfect idea of the course of tlie 
phenomena in the living animal. ILsually the leacocytes taken from 
tlie exudations, altliough amoeboid, no longer fulfil their phagocytic 
functions at a time Avhen in the animal they Avould ingest micro- 
organisms with the greatest rapidity. As a general rule, existence 
outside the living body Aveakens them A’^ery considerably. But in some 
cases, rare it is true, the leucocytes altliough iiiactive in the animal 
] exhibit intense phagocytosis AAdieu introduced into a hanging drop of 
iliiid from an exudation or even of urine. In any case it is very 
liazardous to infer from idienomena Avliich appear under these 
artificial conditions what takes jAlace in the living animal. The value 
of the experiments of Denys and Lcclef is still further iiuirred by 
^ La Cetialcj Lierre et Louvain, t. xr, p. 177. 
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tlie fact that tliey mixed tlie leucocytes with blood senmu They 
appear to have lost sight of tlie iact that this fluid is hr from 
corresponding to that which bathes the leucocytes in the hviiig 
animal. The serums contain leucotoxin in greater or less quauUty 
and it is not to be wondered at that the leucocytes when mixed witl) 
normal rabbit's serum sliould perish very rapidly. Further, ihe 
serum of vaccinated rabbits is agglutinative (this tact, however, was 
not sufficiently elucidated in 181)4 when the researches of Denys and 
licclef were made) and the clumping of streptococci might simulate 
tlieir destruction. In a word, the experiments of these observers 
have been carried out under such conditions that it is imjjossible to 
base upon them a refutation of data obtained in tlie living animal. 
Moreover, in the description of the phenomena wliicli appear in the 
subcutaneous tissue of rabbits inoculated with the streptococcus^ 
Denys iind Leclef jwovide us with arguments against their own 
view. 

These observers introduce the same qiuuitity of streptococci 
l)elow the skin of the ear of normal and of vaccinated rabbits. In 
tlie first tliere is soon produced a very marked oedciiia of tlie ear, in 
which may be seen a number of streptococci and of leucocytes that 
have not ingested any micro-organisms. In the second the oedema 
does not develoi), but at the seat of invasion a number of leucocytes 
come up and these soon ingest tlie streptococci. As we see, the 
idienoinena manifest themselves here just as tliey do with the anthrax 
bacillus and many other micro-organisms when under analogous 
conditions. Denys and Leclef^ indeed, I'ecognise that, below tlie skin 
of the ear of vaccinated rabbits, the small quantity of exudation 
fluid is not suflicient to enable us to accept it as capable of exerting 
any considerable influence as regards humoral properties. Neverthe- 
less, they think tliat the ^Sserum of this fluid may exercise a certain 
action, but they furnish no pi’oof of this, and seem to ignore the fact 
that the plasma of the subcutaneous exudation is far from being 
identical with blood serum obtained outside the animal. At present 
it is well known tliat this latter fluid contains cytases wliich arc 
absent from the plasmas. Now, the feeble bactericidal action, if this 
really exists as regards the streptococcus, must be attributed to tlic 
mierocytase which has escaped from the leucocytes at the time of llie 
jireparation of the serum. 

To sum up, the example studied by Denys and Leclef clearly 
comes under the general law of phagocytic reaction in acquired 
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iinmniiity agaijist micro-organisms. It is impossible to deny that 
tlie superactivity of the phagocytes wliich is always found iu this 
immunity, althougli readily observed, cannot be demonstrated in a 
rigorous fashion outside tlie fluids which batlie the cells. There are, 
however, very important analogies which may be invoked in favour 
of this thesis. AVe liave already cited in our fifth cha])ter Delczenne’s 
experiments on the digestion of gelatine by the leucocytes of the 
dog, which show in tlie most demonstrative fashion that these cells 
accustom tlicmsclves to bring about this digestion moie and more 
quickly and this quite independently of any Immoral iidhiencc. 

For some time past there has been no doubt as to the funda- 
mental fact that the jihagocytcs in immnnised animals seize and 
destroy living micro-organisms. Several attempts have been made 
to show that sucli destruction of these bacteria takes place solely 
by the body fluids, and that the iihagocytes intervene only as 
“scavengers” to carry olf the dead bodies of the micro-organisms. 
The numerous observations, described in the preceding chapter, 
absolve us from again enteiing into a discussion of this question. 
Moreover, the majority of these opponents now recognise that micro- 
organisms are ingested in a living state by the phagocytes of immu- 
nised animals. Some, however, have expressed the opinion that 
these living micro-organisms, before becoming tlie prey of the phago- 
cytes, must undergo some pi'eliminary attenuation of virulence 
through the action of the body fluids. Hence the theory of the 
attenuating power of the fluids of the body, maintained especially by 
Bouchard and his pupils. During the course of our exposition of the 
facts concerning acquired imnmnit}’, we have several times had 
occasion to speak of the virulence of micro-organisms in the im- 
munised animal. Here, therefore, we may confine ourselves to a brief 
summary of the observations collected on this point 

Having observed that the anthrax bacillus, when developed iu the 
Ivlood of immunised sheep, was incapable of giving fatal anthrax to 
[301] rabbits, 1 expressed^ the opinion that under these conditions its 
virulence had become attenuated. Later, analogous changes were 
shown by Charrin - in the Jiadllus pj/oei/anms when cidtivated in the 
serum of immunised animals. BouclumP, generalising on these data, 
arrived at tlie following theory of vaccination. “ The inoculation of 

1 Jiiii. th I'Tnst. Pasteur, Paris, 1887, 1. 1, p. 42. 

~ Compt. rend, fSoc. de biol.y Paris, JSS0--1801. 

" “ Ks.s;ii triiiie theorio de riufectiun.” Porliii, 1890. 
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a strong virus into a vaccinated animal is equivalent to the inocula- 
tion of an attenuated virus. The attenuation, however, instead of 
being done beforehand in the laboratory, is brouglit about in the 
tissues of the vaccinated animal (p. 18). Cliarrin and Roger - up- 
held this view, and the latter oftered several new arguments in 
support of it. He qbserved that animals inoculated with pneumo- 
cocci and streptococci grown in tlie blood serum of vaccinat<Ml 
animals, contiacted a transient and benign disease merely, whilst 
the control animals, inoculated with the same micro-organisms, 
cultivated in normal serum, always die<l from generalised in- 
fection. 

The discovery of the protective property of serums has thrown a 
new light upon these experiments. AVe must now ask ourselves ; 
Does the innocuousiiess of micro-organisms depend not on the at- 
tenuation of the virus, but ratlicr on the protective action of the 
scrum itself? AA^lien, in the course of my researches on the Gentilly 
cocco-baoillus, 1 fouiul that this organism, cultivated in the serum 
of vaccinated rablnts, became much less pathogenic than when it 
Avas grown in the serum of normal rabbits, I set myself to ansAver 
this question. Simple filtration through paper was sullicient to rid 
the organism of the serum m Avhich it had grown. The inoculation 
of coeco-baeilli thus treated proved at once that their virulence was 
in no degree modified, and that it was the intervention of the serum 
that prevented the mici’o-organism from setting up tlie rM|>idly fatal 
disease. Issaeff ^ Avho, in my laboratory, carried out the investigation, 

Avas al)lc to ('.xtend tins to the pneumococcus. He obtained agglu- 
tinated cultures in the serum of vaccinated rabbits, and he com[)ared 
their activity by injecting them (1) AAith, and (2) witliout tlicir culture [302] 
medium. The difference Avas Awy marked. In the first case the 
infection produced Avas much sloAv^er in its course than in the second. 

The virulence of the washed pneumococci was found to be the same 
Avhether they came from a cultui'e in normal serum or from one in 
immunised serum. SanarelH'* obtained the same result with Gama" 
leia’s vibrio. Tlie vibrios Avhen groAvn in the serum of vaccinated 
guinea pigs proved to be very virulent so soon as they were freed 
from tlie fluid in Avhich they were grown. Later, similar demon- 

^ Charrin, Compt, rend. Soc. de Viol., Paris, 1890, pp. 203, 332 ; Roger, ibid., 

18.90, p. 573, and Ren. gen. d. sc.piires et appliq., Paris, 18.91, p. 410. 

2 Ann. de V Inst. PasUmr, Paris, 1S9.3, t. vn, p. 273. 

^ Ann. de Clnsl. Pasteur, Paris, 1893, t. vii, p. 231. 
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strations Avere given by Bonlet^ and iMcsnil" with respect to strepto- 
cocci and to the bacilli of swine erysipelas. We must, then, conclude 
tliat Ave have here to do Avith a general law. Some experiments 
made by de Nittis'’ might seem to indicate an exception to such a 
laAV. lie observed that anthrax bacilli Avhen groAvn in the serum of 
vaccinated pigeons lost a part of their A’iruleUjCe. It must not be 
forgotten, hoAvevci-, that he greAV his cultures under special con- 
ditions ; the bacillus was groAA'ii for sevci’al days at 12“ C., this in 
itself being quite sutlicient to bring about a certain attenuation of 
virulence. 

The theory of the attenuating action of the body fluids, based on 
the atb'uuation of the virus in the serum of vaccinated animals, can 
no longer be maintained, as it is a well-est<ablished fact that the 
serum, obtained outside the body, is a fluid diftering in character and 
prt)perties from the plasma of the living animal. We liaA'c seen up 
to Avhat point this demonstration lias shaken the theory of the 
bactericidal action of the body fluids. 

It cannot be doubted that a mici-o-organism may undergo a certain 
Aveakening in virulence, as well as in certain other functions, in the 
l)ody of the animal that has acquired immunity. But the question 
must be put : Is this eflcct obtained as the result of humoral or of 
cellulai’ action ? As a general lade, exudations obtained fi’om 
vaccinated animals, and containing living micro-orgauism.s, are found 
to be virulent when inoculated directly into suscejitiblc animals. 
1'his fact Avas established by I’asteur* avIicu he first carried out his 
researches on acquired immunity against foAvl cholera. He shoAA'cd 
that the exudations of vaccinated foAAds set up a fatal disease in 
normal fowls, Avitliout there being the least evidence of any attenu- 
ation of the micro-oi'gauism. The same applies to the Gentilly 
cocco-liacillus and to the anthrax bacillus in a very great majority 
of examples. De Nittis obserAed that the exudations of immunised 
pigeons produced a fatal infection ir. the guinea-pig and in the mouse. 
In the immunised guinea-pig, on the other hand, he found that the 
exudations soon became innocxious for these animals. This alteration, 
hoAvever, must be attributed not to the body fluids (Avhich exhibit no 
protective or attenuating power) but to the action of the cells. 

* Ann. <k Vlassl. Pml&ur, Paris, 1897, t. xi, p. 177. 

^ Ann. da I’lmt. Pasteur, Paris, 1898, t. xii, p. 481. 

s Ann. da t’Tnsl. Pasteur, Paris, 1901, t. xv, p. 7(i}). 

* Co?npt. rend. Acad. d. se., Paris, 1880, t. xc, p. lOM.'l. 
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Witli the object of gaining; some idea of tlie changes that the 
micro-organisms undergo in the immunised animal, ValUk^^ ciu‘rie<l 
out a series of experiments on rabbits vaccinated against the bacillus 
of swine erysipelas. He enclosed these bacilli in sacs of colliMliou 
which he introduced into the peritoneal cavity of susceptible ral))>it ^ 
and of others that were hyperimmunised. The bacillus developed well 
in both cases. It gave homogeneous non-aggliitinated cultures in the 
sacs placed in normal animals, wdiilst in the sacs introduced into 
the peritoneal cavity of hyi)crimmunised rabbits the bacilli grew into 
agglutinated filaments. This proves that the wall of tlie sacs per- 
mitted of the passage of the active substances elaborated in the 
immunised animal. Diflerent from tlie point of view of agglutination, 
the cultures likewise exhibited a considerable dilference in their 
])athogenic activity. The cultures developed in tlie sacs in hyper- 
immunised rabliits were found to be much more virulent than those 
grown in the sacs in control animals. This augmentation of virulence 
depends, probaVily, on the influence of tlie active sulistances which 
pass through the walls of tlie sacs. In any case, this experiment 
affords further confirmation of the impossibility of maintaining the 
theory of the attenuation of micro-organisms by the fluids of an 
animal enjoying acquired immimity. 

Since the discovery of the antitoxic property of the fluids of tlie 
liody, it has been accepted that its manifestation was indispensable 
for the aeqiiisition of immunity. It was thonglit tliat in order to get 
rid of patiiogenic mici*o-organisms the animal had first to develop 
tlie means of neutralising their toxins. These sulistances once yire- 
vented from exerting their toxic action, the micro-organisms were 
left without their weapon of attack and found themselves reduced 
to the condition of simyile sajirophytes. It was accejited, therefore, 
that an effective antitoxic power was always to be found in the fluids 
of animals that had acipiired immunity. Against this explanation, pioi) 
liowevcr, are certain established facts. Chaiiveau*-' had observed tliat 
Algerian sheep, whose natural immunity was further strengthened 
by considci*able doses of anthrax bacilli, exliiliited a siisce[)til)ilit\ 
to injections of anthrax blood quite as marked as that of normal 
sheep. The immunity against the virus, then, did not progrtss 
imri pussu with that against the poison. Later, Charriii and 

^ (hmpL rend, Snc. de binL^ Paris, 1809, p. 43‘2. 

CompL rend. Acad. d. sc.^ Paris, 1880, t. xc, p 152C. 
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OJarDaleia^ funnslicd iuii)oi‘tant data on tliis subject Tliey showed 
that animals vaccinated against the Bacillus pyoqjaiim^ and tlie 
vibrios of Koch and Gamaleia were even more susceptible to intoxi- 
cation by the solnl)le products of these micro-organisms tliaii were 
normal aninuils wliicli had acquired no immunity against the coi’re- 
spending bacteria. Shortly afterwards this obseirvation was confirmed 
by Selander'’, in his work on hog cliolera, can*ied out under Roux's 
direction. Rabbits vaccinated against the cocco-bacillus of tins disease 
resisted infection by the virus, but died as a result of the exhibition 
of tlie same dos(‘s of toxin that killed normal mbbits. P was able 
not oniy to verify this, but to a<ld to it the furtlier fact that tlie 
blood scrum of vaccinated rabbits, althougli markedly protective 
against infection, exercised not the slightest antitoxic action. 

lien, later, R. Pfeilfer set liimself to study the immunity of 
animals against the cholera vibrio, he, along with his col lal)()ra tors, 
was able to furnish numerous data confirming the hypothesis that 
animals tlioi’oughly vaccinated against this vibrio had not thereby 
become more resistant to its toxin and that their anti-infective serum 
exhibited no antitoxic power. Tliese results have been confirmed 
repeatedly and must be regarded as fidly estal)]ishcd. 

Von Reining here recoguise<l a general law which, with the aid of 
his collaborators, lie uttem|)ted to develop. We owe to liim the 
knowledge tliat the susccptiliility, augmented as regards the toxins, 
of animals vaccinated against micro-organisms, might even serve in 
doubtful cases to reveal tlie presence of their bacterial [loisons. 
Culture products when dejmved of micro-organisms often set up no 
[305] poisoning in noi’inal animals susceptible to infection. From tin's fact 
it is generally concluded that the toxin is not present in the products 
in question. But animals of the same species when immunised 
against infection by the micro-organism, owing to their ''hyper- 
suscei)til)ility/' react much more delicately and allow of the de- 
monstration of the jiresence of bacterial poisons in fluids inactive 
for unvaccinated animals. 

In eollaboration with Kitashima'^, von Behring immunised guinea- 
pigs against the diphtlieria bacillus, and demonstrated that two oz* 
three iujcctiohs of diphtlieria toxin were quite suflicient to render 


^ Corny t. rend. Sac. de hioL. Paris, ISDO, p. 2.94. 

‘ Ann, de VlnsL Pasteur, Paris, 1890, t, iv, p. 563. 
^ Ann. de VTnet. PaMeur, Paris, 1892, t. vi, p. 295. 
Berl. Jdin. W chnsehr., 189 J, p. 157. 
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these animals refractory to infection by the diphtheria bacillus though 
they became more susceptible to intoxication. Von Beliring considers 
that tin’s augmentation of susceptibility to the diphtlieria poison may 
be a means of rendering the local reaction of the living elements at 
the p(nnt of introduction of the bacilli more active. 

In any case^ it is beyond question that acquired immunity against 
microbial infection is quite independent of the resistance against the 
toxins of the coiTcsponding micro-organism. An antitoxic manifesta- 
tion of any kirub therefore, cannot be regarded as nece>ssary for the 
devclo[)ment of immunity against the micro-organism. 

Of all tlie humoral properties developed in acquired immunity 
against micro-organisms, tlie fixative poAver and the protective power 
are tlie most constant. It might natunilly be suggested, as a result 
of tills observation, that these two povvere are indispensable for the 
manifestation of iilmgocytosis for the purpose of destroying and of 
ridding tlie animal of the patliogenic organisms. It is quite possible 
to understand hoAv, under these conditions, the idea has been put 
forward tlnat anti-infective acquired immunity is the result of tAvo 
different factors : in the first place, a humoral jiroperty independent 
of the phagocytes and, in tlie second place, the pliagocy tes themselves. 

But the part jilayed by these cells cannot be accepted as purely 
secondary — a view Avliich has been advanced and defended again and 
again. This question is of such importance that it is reasonable to 
ask Aihcnce come the humoral properties, such as the fixative poAver 
and the protective poAver, factors of such far-reacliing influence in 
anti-infective immunity ? 

Tlianks to the Avork of several investigators this question may noAv [no6] 
be answered. Pfeiffer and IMarx^ first supplied important informa- 
tion concerning tlie origin of the protective property. Into rabbits 
they made subcutaneous inoculations of cholera vibrios, killed by 
heat (70"’ C.), and then examined, most miuutel}^ the protective poAver 
of the blood and of extracts from various organs. Examining, sepa- 
rately, the protective power of the serum and that of the layer of 
leucocytes deposited in tubes, Pfeiffer and Marx Avere unable to fia<! 
any marked difference. Isor did they evei’ obtain any definite effect 
Avith leucocytes collected from pleuritic exudations. From rhese 
observations they eoiicludod tliat the leucocytes of the blood cuuld 
not be regarded as the source of tlie protective subshmee (or 

^ Ztschr f, Ilfjij.j Leipzig, J89S, Bd. xxvii, S. 
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“cliolem antibody”). At a period wlieu the serum as yet exhibited 
a7i iiisignificiint protective j)OHei’ or iiorio at ail, tlie extract from the 
spleen often exerted an action of the most marked character. In an 
experiment in which the i‘!d)bit was killed 18 hours after tlie injection 
of the vibrios, (id c.c. of the serum was incapable of preventing fatal 
infection of a guinea-pig, whei'(‘as 0‘0.3 c.c. of {uxKJxtract of the s])leen 
exerted a marked protective etfect. Froin this and similar expei'i- 
ments, Pfeifl'er and Marx conclude that the spleen is the princip:d 
source of the ju’otecti ve substance. In order to verity this observation 
they injeett'd killed cliolei’a cultures into rabbits which had previ<7usly 
been deprived of tlicir spleens, but the asphuiic rabbits still pi'oduced 
the same amount of pi'otcctive substance, and these two observers 
were led to coiuludc that the Ij inphatic glarnks and the bone-marrow 
might also serve as tlie sites of origin of this substance. 

It is only during the first few days, howeier, tliat these organs 
exhibit a protective power greater than that of tin; blood. Three or 
four days after the injection of the vibrios the blood serum becomes 
richer in protective substance; the organs contain much less of it. 
This condition is maintained for some time, after which the blood in 
turn begins to get impoverished. 

Pfeitler and Marx put to them.selves the question; Is the marked 
protective power of tlie sjdeen due to the production of jnevciitive 
substance by tins organ, or is it to be explained by an accumulation, 
in the spleen of this substance manufactured elsewhere? With the 
[ 307 ] object of obtaining an answer to this question they injected protective 
serum from other individuals into rabbits, when they found that the 
protective substance showed not the slightest tendeiuw to accumulate 
in the sitlcen. Tliese authors were conqielled to conclude, therefore, 
tliat the spleen and other haematopoietic organs (lyni|ihatic glands 
and bone-marrow) are the real S(.-ats of the iiroduction of the 
protective substance. ’IVe may add that these organs are also the 
phagocytic organs par c,miknce,' thut is to say, the centres which 
serve not only for the develojiment of phagocytes but whicli contain 
a large miniber of tlie adult elements capable of c.xercising the 
phagocytic function. 

Almost simultaneously with Pfeifler and Marx, A.MhissermamP, in 
collaboration with Takaki, undertook similar researches on the origin 
of the substance protective against the typhoid cocco-bacillus. The 


^ JJerL klin, IVchuachr,, 18.98, S. 209. 
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outcome of this work was that “it was tlie boiie-marrow, the spleen, 
and the lymphatic system, including the thymus gland, which ex- 
hibited immunising power against the bacillus of typhoid fever, whilst 
the other organs, the blood, brain, spinal cord, muscles, liver, kivlney, 
etc., did not at tliis .stage show any marked sjiecific property.” 

As these observations on the production of protective substance in 
tlie ])hagocytic organs was one of essential importance in connection 
w ith the problem of acquired immunity, 1 asked M. Deutsch ', working 
in my laboratory, to ciirry out a series of e-\})eriments on this sulyect 
Using guinea-iiig's, he injected into the ])eritoncal cavity cultures of 
the ty|)hoid bacillus killed by heat (0G“ C.). A few days later the 
serum had become distinctly protective. At this stage, and even 
liefore the appearance of this property in the blood, Deutsch killed 
some of his animals and carefidly measured the iirotective power of 
tlie extract of the various organs. He began by confirming the result 
obtained by rfeiffer and Marx as to the non-production of the pro- 
tective substance in the iieritoneal exudation. Usually this fluid Avas 
iusirfficient to jirotect normal guinea-pigs against typhoid infection. 

In a few experiments only was the e.xudation found to be as pro- 
tective as the blood serum ; in mo.st of the others, the blood serum 
was much more active than the fluid of the exudation. The spleen 
was tlie organ Avhich e.xhibited tlie greatest protective iiower, and (308] 
in nearly one half of the cases it Avas more active than Avas the blood. 

The Ixine-marroAV sometimes gave analogons though much less marked 
results. 'I'iie spleen consequently must be looked upon as the princqAal 
scat of the production of the protective subsbiuce. 

Having confirmed this observation of Pfeiffer and Marx and of 
Wassormann and l^ikaki, Deutsch tried to obtain the protective 
pro]»erty in guinea-pigs deprived of their spleens. The e.xpcrimeut 
Avas quite succes.«fu], and here again his result agreed with that 
obtained by Pfeilfer and Marx. (Juinea-pigs from Avhich the spleen 
had been removed developed the, protective jiroperty just as Avell as 
did the control animals ; in the former the bone-marroAV Avas found to 
be specially active. 

When Deutsch, instead of removing the si>leen from his guiiiea- 
])ig3 before the injection of the micro-organisms, did so some (.3—5) 
days afterAvards, there often occurred a marked diminution in the 
amount of the protective substance pi'oduced. AVe must (•ouciude, 
tlierefore, that soon after inoculation there ajipears in tiie spleen 
* Ann, de Vlnst, Pasteur, Paris, 1891^, t. xiii, p. 6S.9. 
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a plieiioinenon which is associated witli the development of the 
protective power. The most simple explanation of tliese facts is 
that the micro-organisms injected into the peritoneal cavity and soon 
afterwards seized by the iihagocytes (for the most part by the micro- 
phages), arc carried to the phagocytic organs, particularly the s]decn, 
lymphatic glands, and bone-marrow. In those tvpimals whose spleens 
arc left intact a large number of these microphages loaded with 
micro-organisms make tlieir way into this organ, a fact confirmed by 
direct observation. Wlien tlie sj^lcen is removed the microphages 
must necessarily Ijctake themselves to other jdiagocytic organs. As 
the micro-organisms undergo intracellular digestion in tlie phago- 
cytes, it is very difficult, if not impossilde, to follow them for any 
length of time after they have been ingested, but the analogy with 
the phenomena of the resorption of red Idood corpuscles, described 
in (Tiaptci- IV, justifies ns in concluding tliat in the case of niita’O- 
oi’ganisins matters go on in much the same way. These organisms, 
seized at the scat of inoculation by the phagocytes, are transi)orted 
by these cells, in tlieir peregrination through the organs, into the 
general circulation. The intcrpretixtion I have just given has been 
accepted by Deutsch. 

This observer wished also to come to some conclusion as to the 
origin of the agglutinative property so well develojicd in the fluids 
of animals inoculated with the tyjihoid cocco-bacillus. lie did not 
001 succeed in solving this question, but he was able to demonstrate the 
undoubted difrcrcnce between this property and the protective power. 
The fiicts lirought forward by Deutsch must, therefore, be ranged 
alongside the many others, reported on above, which demonstrate in 
the most conclusive fashion that these two powers of the body fluids 
arc essentially distinct. 

Such concordant rcsidts obtained by all investigators who have 
studied tlie origin of tlie protective power warrant the conclusion 
that it is the elements of the phffgocytic organs, that is to say, the 
phagocytes themselves, which produce the protective substance. But 
it will be asked : Can we therefore accept the fixative svdistance or 
fixative as being derived from the same source ? When the ex- 
periments I have just summarised were carried out the fixatives 
were not as yet sufficiently kuowm and were confounded with the 
protective substances. Nevertheless, there can be no doubt as to 
what the answer to the ((ucstion just put must be. In the account 
of the experiments of PleilTer and Marx we find very precise state- 
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ments as to the graanlar transformation of the vibrios. Thus, they 
observed on several occasions that au extract of the spleen set up 
this transfonnatiou in a particularly distinct and rapid fashion at 
a period when the blood and serum, used in a much stronger dose, 
were incapable of producing the same eflect Now, as Pfciircr s 
phenomenon is a visible manifestation of the action of the specific 
fixative, it cannot be doubted tliat the spleen is really the princijial 
seat of development of the fixative substance before it makes its 
ap[)earance in tlie blood. 

before concluding this chapter wc must review very briefly tlie 
principal plienomena associated with acquired immunity against 
micro-organisms. The extracellular destruction of tliese parasites 
takes place in the living animal under special conditions only, wlien 
the ])hagocytcs suffer a teniiiorary injury (i)hagolysis) and allow their 
microcytases to escape. These latter by no means represent attributes 
of tlie body Huids, as is even yet maintained by some writers. These 
solulde ferments arc connected with the iihagocytes and reiiresent the 
ferments of intracellular digestion. The cytases undergo no modifi- 
cation during the luocess of immunisation and correspond to those 
Avliich act in natural immunity. 

Tlie agglutinative substauce often present in the normal fluids 
of tlie body becomes much more developed in those of immunised 
animals. It is truly Immoral, as it circulates in the plasmas and passes 
into the fluid exudations and transudations. But the part played by [310] 
it in immunity is very restricted. 

The protective and fixative iiropcrties, most often closely con- 
nected with each otlier, arc very markedly developed in an animal 
enjoying acipiircd immunity. They may act upon tlic micro- 
organisms which become permeated by the fixative substance, or 
upon the infected animal by stimulating its defensive reaction, but 
they arc incapable of affecting the Autality or virulence of the micro- 
organism. The two properties (protective and fixative) reside in the 
fluids of the body, but they are functions of the cell products. Tiie 
elements of the phagocytic organs (spleen, boneunarrow, lynijihatic 
glands), or phagocytes, produce the sjiecific protective and fix;uivc 
substances which pass thence into the plasmas. 

The phagocytic reaction is A^ery general in acquired immunity. 

The ])hagocytes Avhicli have a very imperfect antimicrobial fimetion 
or none at all, become, as the result of vaccination, much more 
active. They exhibit a very marked positive chemiotaxis and 
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ac<|uirc the faculty of inicro-ovgauisins in a greatly intensi- 

lied degree. It is Avitli tlie increase of this digestive power that wo 
have connected tlic over-production by the pliagocytes of the fixative 
and protective sulistances whicli are excreted in large quantities by 
these cells and ])ass into the fluids of theaiiiinal. As these substances 
are phagocytic })roducts it may be readily coijceived that in certain 
exarn|)les of acqniied iininunity the animal overcomes the micro- 
organisms witliont the |>i*otectivc substances being found in the fluids. 
It is suflicient that it is in the possession of the phagocytes, which 
may retain it within themselves and not throw it oif into the circu*- 
lation. 

From this account it will be seen tlmt tljc phenomena, in acquired 
immunity against micro organisms, arc merely a more or less stereo- 
typed copy of those that are jwesented in the animal after the 
resorption of cells. There, also, we have intracellular digestion Avith 
over-production of s|)ecific fixatives, i)art of winch arc excreted and 
thus pass into the plasmas. In the resorption of cells there is also a 
double action of cytases and fixatives ; but in this case the macro- 
cytases intervene, whilst in the resorption of mici'o-organisms this 
function is performed by the microcytases. The fixatives in the two 
eases arc very dittcrent from the point of view of their action, for 
[ 311 ] they arc si)ecific ; but the cells which act in their production belong, 
in both cases (resorption of animal cells and of micro-organisms), to 
the category of phagocytes. 

It is often maintained that the tlieory 1 have just summarised is 
fundamentally o]»poscd to tlie theory of side-chains or receptors 
formulated l.>y l^lu'lichh This view I cannot accept. Applied to 
ae(piii‘cd immuniiy against micro-organisms this theory may be 
sumjued up as follows. Tlie micro-organisms, when inoculated in a 
non-lcthal Init immunising dose, combine with certMin cells of the 
animal. The recejitors of the micro-organisms find corresponding 
receptors in these colls, but, when mice combined, the receptors of the 
cells become iiicajiable of fulfilling their noi’inal uiitritive function. 
The cells, thus deprived of their receptors, rejiroduce such an 
enormous quantity of them that a portioii is excreted into the 
surrounding medium and passes into the plasmas. These receptors, 
originating from ceils, but Avhicli have become eoiistituent parts of 
tlie body fluids, arc nothing but the fixatives or intermediary liodies, 

^ Khrlich, Lazarus n. Pijiku.s,“Leiikaemic, etc/^ in Nothnagcrs‘LSpecielle Pathologie 
u. TiioiapivV’ Wien, JOOl, M, viii, i Thcil, in Heft, Scliliussbetraclitungeii, S. 1G3. 
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or tlie fiinbocoptors of Elirlicli. On a fresh arrival of (he same 
iiucro-orgaiiisms, tliey ineet with, in the fluid of the exudations, 
numerous amboceptors wliicli combine with the eoiTesponding 
receptors of the micro-organisms, without, liowever, destroying them 
or interfering Avith their vitalfty. As these amboceptors possess still 
a second affinity, thjit for the molecules of the cytases, or the 
^A'oniplements'' of Elirlich, the micro-organisms can be placed in 
contact with these soluble ferments. Without the intervention of the 
fixatives, the combination of the body of micro-organisms with tlie 
cytase can iiCAxn- take place, because the receptors of the micro- 
organisms are not adapted to tliose of the cytases. When the 
molecules of tliese fei'inciits are found in the plasmas in a free 
state, they can be attacked by tlic corresponding group of the 
amlioceptors. 

Let us compare the theory we have just sketched Avith that 
described further back. 1'lie micro-organisms, inoculated Avitli a 
non-letlial but immunising dose, are, as Ave liave seen, ing(‘stcd 
by tlie phagocytes and afterAvards digested Avithiii them. This intra- 
ccllnlar digestion is followed l)y the over-j)i‘oduction of the specific 
fixative, of Avhich a part is excreted and jnisses into the plasmas. 
These are tlie results of tlie AvclLestablished experimental data [312] 
described in tliis cliapter. Ehrlich^s theory is in no A\'ay in oppo- 
sition to this ; it simjdy attempts to penetrate more deei>ly into tlie 
ineclijinism of the phenomena observed as taking jilacc between 
the micro-oi'ganism and the cell. The act Avhich Ave simply term 
intracellular digestion is divided by Ehrlich into its constituent parts. 
According to him there is a combination of the fixative, on the one 
hand, with the molecule of the raicro-orgauism, on the other, with that 
of tlie soliildo ferment or cytase. According to Ehrlich it is the 
amboceptors of the cells Avliich become detaclicd in order to furnish 
the fixative that circulates in tlie plasmas, Foi* us there is simply an 
over-production of one of tlie two» ferments of intracellnlar digestion, 
Avithout defining more exactly Avhat constituent part of this ferment 
passes into the circulation. Tlie two theories may sui>i)lcment cacli 
other but are in no Avay contradictory in principle. There is only a 
single important point wlierein they do not accord. Ehrlich thinks 
that the cytases are ahvays free in the body fluids and that tlu' colls, 
in order to exert a digestive action on the micro-organisms, must 
previously seize their molecules by means of one of the groups of their 
amboceptors. We, on the contrary, have develojicd tlie idea tiiat tlie 
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cytases arc otrly free in tlie animal during pliagolysis and tliat under 
normal conditions the cytases remain closely bound up witli the 
phagocytes. This statement is based upon a large number of well- 
estal)lished experimental facts and must therefore be accepted as 
lu’oved. It does not, however, aflect any fundamental principle of 
Ehrlicli’s tlieory. On the other hand the hasps of Ehrlich’s theoiy 
affect none of tlie main features of the theory I have developed. The 
doctrine which regards acquired immunity as a particular case of 
resorption may be reconciled with the conception of amboceptors. 
But it accoi'ds equally well with Bordet’s conception, according to 
which the fixatives act not as intermediary substances l)etween the 
micro-organism and the cytase, but as substances which sensitise the 
micro-organisms for the penetration of the digestive fermcTd. This 
tlelicate question has not yet been definitely settled, but Bordet’s 
ex[)erimeuts desciibed in Chapter IV are greatly in favour of this 
vieu'. 

JS’eisser and Weehsberg^ have tried to obtain some idea of tlie 
13 ] manner in which the fixatives act on the micro-organisms and have 
recorded a series of very interesting (acts. They have shown that 
these substances only bring about the destruction of bactcila when 
they are in certain relations with the cytase. Mixtures of fixatives 
and cytases in which the former are found in excess not only do not 
kill the micro-organisms but even allow them to develop abundantly. 
To attain this result Neisser and Weehsberg mixed constant quantities 
of bacteria and normal serum containing cytase with variaVile quanti- 
ties of the serum of immunised animals heated to 5(5' C. As we 
know, this sjieciiic serum, as the result of being thus heated, is 
deprived of its cytases, but may be readily made active again by tlie 
addition of normal, unheated scrum. This paradoxical fact, demon- 
strated by Neisser and Weehsberg can, in their opinion, be explained 
only by Ehrlich’s tlieory of amboceptors. When these bodies with 
double affuiities are found in too lavge quantity as regards the cytase, 
it may hajipeii that one part only of tliose which combine with the 
receptors of the micro-organisms succeed in linking to themselves the 
molecules of the active ferment. The amboceptor being by itself 
incapable of destroying the micro-organism, can be injurious to it 
only on condition that it brings cytase. Conseipiently as the amount 
ot this cytase is too small for the much larger number of ambo- 
ceptors we can readily conceive that the micro-organisms may profit 
^ Milnchen. nied. Wchnschr.^ 1901, p. 097. 
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tlierebyand remain alive. This interpretation is certainly very ingenioxis, 
but nothing proves that it corresimnds with the real state of things. 
Keisser and Wechsberg have themselves observed that the serum 
of the normal goat can also prevent the bactericidal action of the 
cytase. In this case, however, they suggest the intervention of an 
anticytasc of this normal serum. The same explanation might 
perliai^s serve also to explain the preventive action of the serum of 
immunised animals. We know that anticytases are found frequently 
enough in the various serums and that they undei’go great variations, 
according to the conditions present in the animals furnishing the 
blood. 

In any case, it is evident that the theory of receptors must in 
no way be i-egarded as the antithesis of the theory of pliagocytosis. 

This lattci’ quite retains its right to affirm that, in acquired im- 
munity agaitist micro-organisms, phagocytes play the most general 
and important i)art. Tliey hold back the cytases which are 
capable of ridding tlie animal of micro-organisms from destroying 
them. It is furtlier these same cells tliat produce and excrete tlie [.si4] 
fixative and protective substances. The free fixatives may attixek the 
micro-oi*ganisms in the body fluids but they are incajxable of depriv- 
ing them of life or even of virulence. The cytases, after escaping 
from tlic phagocytes, may certainly, in collaboifition with the fixatives, 
desti'oy a certain number of the micro-organisms, but only in special 
cases met with, no doubt, but only rarely, under natui’al conditions. 

On the other hand, the phagocytes in the animal which enjoys 
acquired immunity constantly fulfil the function of seizing the 
mici'o-organisms and of submitting them in their interior to the 
combined action of fixatives and cytases. 

Acquired immunity, like natural immunity against micro-organisms, 
presents merely sjjccial phases of intracellular digestion. 
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[ 315 ] RAPID AND TEMT’ORARY IMMUNITY AGAINST MICRO- 
ORGANIS^[rt, CONFERRED BY SPECIFIC AND NORMAL 

s]':ruais, or by other substances, qr by micro- 
organisms OTHER THAN THOSE AGAINST WHICH 
IT IS DESIRED TO PROTECT AN ANIMAL 

TniiHHMily conferred by sSpccific scrums —A iialoj^y of the mcchanisHi of this immunity 
with that obsowDil in immunity obtained with patiiogcnic micro-organisms and 
their products -Fart played by phagocytosis in the immunity conferred by 
specific serum — Influence of ojiiiim on the course of immunisation by these 
serums. Stimulant action of specific serums. — Protective and stiuuilant action 
of normal scrums. -Influcmce of fluids, other than scrums: broth, urine, physio- 
logical saline solution, etc. 

Antagonism between anthrax and certain bacteria. 

We liave seen how iinportaiit in the study of acquired imuiuiiity 
against iiiicro-organisins is tlic dein oust rat ion of the j)rotective power 
of the body fluids. Without being absolutely general, tl)is power is, 
nevertheless, widely diffused and is found even iu certain examples of 
acquired iuimuuity against inicro-orgauisms belonging to tlio animal 
kingdom. U]> to the present I liavc refrained from doing more than 
])oiiit out the ])resence, iu the fluids of the immunised animid, of this 
protective property and have studied it exclusively in relation to the 
animal that produces it. Wc must now pass to the question : How 
do the protective subKstaiiecs act in the animal whicii receives them 
3‘cady formed ? This immunity, AHiich has received froju FJirlich the 
name of passive immimittj against micro-organisms, must now be 
examined. 

The study we now propose to enter upon is rendered much easier 
from our study of the data acquired on tlie phenomena exhibited in 
the animal vaccinated with micro-organisms or their products, data 
already given in the preceding chapter. There is, indeed, a very 
striking analogy between the two kinds of immunity, and though we 
draw a shaiq) line of distinction between them, this is due to the tact 
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that tlie iiiimuiiity conferred I)y inicro-oriranit^ins or their products 
recpiircri Home time for its development ami endures for a long period, [316] 
whilst tlie immunity due to the introduction of specific serums into an 
animal is set u{) immediately, but eiidurcvs for a very sliort time only. 

The diseases of the Invertelirata being seldom due to the micro- 
organisms that product' infections in the higher animals, the question 
as to whether the Invertebrata can be immunised by means of jiro- 
tective serums has not yet been stmlied. Still, we ali’eady liave certain 
ideas on the protection of lower vertelirates by specific scrums. 
(jllieorghiewsky\ in my lalioratory, carried out some expei iments on 
this point. He found that the serum of mammals (guinea-pig, goat; 
immunised against the Ihtcillm pyocyancus, was under certain co]i- 
ditions capable of protecting the green frog against a dose of this 
organism that was always fatal to the control animals. When 
injected along with the Bariilm ppoepamifs, the serum did not 
prevent a fiital infection ; sometimes this infection developed even 
more rapidly than in the control frogs. It was on)}' when the pro- 
tective iiijection was made 24 or, better still, lb hours before the 
inoculation of the bacilli, that tlie protective action became evident. 

The sernm used in these experiments was not bactericidal for the 
Uacillm pyoqjaneu^i wliicli grew^ most luxuriantly ; but it agglutinated 
a large proiiortion of the bacilli. (i!heorgliiew\sky pointed out, lio\v- 
ever, tliat frogs injected with cultures agglutinated by the goat's >scrum 
(lied just as readily as did tlie control animals. As the iiliagoeytic 
reaction was invariably very active in tliose frogs which resisted the 
viriis, after the injection of ])rotoctive serum, it is very probable that 
this fluid exercises a stimulant infincMCC on the pliagocytes. 

This idea of stimulation by anti-infectivc serums in cases of tem- 
porary immunity conferred by these fluids, has already becai set forth 
in my researches on the immunity of rabbits against the Gentilly 
cocco-baeillns, induced by the serum of vacx'iiiated rabbits. This 
view', however, lias not been favdurably received, especially in view' 
of tlie discovery of the plieuomenon of the transformation of cholei ii. 
viVirios into graiudes. Pfeifler himself noted that tliis transformation 
took place not only in the peritoneal cavity of vaccinated gniru‘;t-|>igs 
but also in the peritoneal cavity of normal guinea qngs, into wfiicli kc[3i7] 
liad injected small ([iiautities of specific serum. As this kit ter Ifuid, 
ill Pfeiffer’s hands, was incapable of transforming the vibrios into 
granules in vitro, he concluded that the cellular elements of the 
^ Ann. de VInsL Pmteur, Paris, JSyy, t. xin, p. 315. 
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normal animal Merc endowed with the power of modifying the in- 
active substance of the specific serum into bactericidal substance. 
According to this conception the immunity conferred by this serum 
was not entirely passive since, in order to prepare tlic substance 
which transforms and kills the vibrios, the co-oi)eratioii of the living 
cells was necessary. f 

My demonstration of the possibility of obtaining PfeilFer’s pheno- 
menon in vitro at once tunied the balance in favour of the theory 
that the immunily induced by the specific serum is <lue to a direct 
humoral action nj)on the micro-organism. Under these conditions 
such immunity could only be interpreted as being purely passive. 
This view seemed to be finally established by Bordet’s discovery that 
a specific serum, inactive by itself, became cjjpable of producing 
Pfeiffer’s phenomenon, as soon as a small (juantity of normal, non- 
specific serum was added to it. Bordet^ thus sums up his theory of 
the immunity conferred by specific serums; “Passive immunity is 
<Iue, in part at least, to a chemical action exerted on the vibilos by 
two pre-formed substances, the one present in the anirmd before any 
injection is made, the other found in the scrum that is injected; this 
phenomenon is purely chemical in the sense that it can go on M’ithout 
the aid of a vital reaction, of any new cell secretion : indeed it is 
found to take place in fluids from wliitdi the cells have been entirely 
removed” (p. 217). These demonstrations led up to the belief that 
the organism of the animal remained absolutely passive M'heii it Mas 
subjected to the action of |>rotective or anti-infective scrums, and that 
the case of the cholera vibrio represented a kind of schema, which 
was apitlicable to the whole of the grouj) of phenomena met M'ith in 
l)assive immunity. 

As in the study of the immunity obtained as the result of vaccina- 
tions witli micro-oi’ganisms or their products, so in “|)assive immunity” 
there was seen only the <lirect chemical action of two substances on 
themicro-oi'ganism, and efforts were made to extend this demonstration 
to a series of infective diseases. 

IS] Pfeiffer and Kolle'^ having observed that the blood serum of 
persons convalescent from typlioid fever, as Mcll as that of animats 
vaccinated with the typhoid bacillus, exhibited a great protective 
])Ower for the guinea pig, wished to get some idea of the mechanism 
of this immunity. They found that in the peritoneal cavity of guinea- 

^ Ann. de PasttHir, Paris, i 80 (>, t. x, p. 19 .'i 

- Zisclir. /,‘ Htjg , Leipzig, 1890, Bd. xxr, S, 203. 
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])igs, inoculated with tlie typhoid cocco-bacillus and .simultaneously 
subjected to the action of i)rotective serums, the micro-organisins 
lose their mobility almost immediately. A little later, they exhibit a 
degeneration of form, become less refractile and disintegrjite. After 
the injection of huge doses of specific serum the bacilli, much as iu 
the case of the cholera vil)rio, become transformed into granules, 
“lint,” say these authors, “this last mode of destruction, that is to 
say the formation of granules at the expense of the injected bacteria, 
does not occur with such remarkable regularity as it does in I’feiffer's 
phenomenon in the cholera vibrio” (p. :219). Whilst these changes 
are going on iu the peritoneal fluid, the leucocytes begin to come uj) 
and to ingest the bacilli and their dChris. “J Phagocytosis, therefore, 
undoubtedly plays a part iu the destruction of the bacteria. Never- 
theless, as most of tlie injected bactei-ia die in the fluid of the 
exudation, phagocytosis can not be regarded as the cause of the 
protective action of the scrum” (p. 220). We sec from tliis descrii)- 
tion tiiat even iu the case of the typhoid cocco-bacillus the direct 
action of the fluids of the body is perceptibly less marked than in 
the case of the choleia vibrio. Even in the latter, howev'cr, it is 
necessary to make many leservations. The same laws apply to the 
immunity against tliis micro-organism, conferred by the scrum of 
immunised animals, as to the immunity due to vaccinations by tlie 
vibrios or their jiroducts. To treat this subject fully one would have 
to rc]ieat almost textually the two preceding chajvters, but I will 
simply recall the fact that tliis transforniation, almost general and 
very rapid, as we observed in vitro in vibrios placed in contact with 
fresh specific scrum or with the mixture of this serum, heated to 
65' — 5() and normal unlieated serum, is only met with iu the 

animal Viody where pliagolysis appears. Pfeiffer first observed 
the phenomenon which beam his name in the peritoneal cavity, 
aiul it is liest seen in that situation during the period of the 
pliagolysis of the white corpuscle.?. A'^ibrios, mixed with small doses [ 
of siiccific serum which by itself is able to render them motionless 
and agglutinate them, but wliicli is absolutely unable to transforia 
them into granules, present this transformation immediately tlicy are 
introduced into the peritoneal cavity of normal guinea-pigs. In this 
case the vibrios, permeated by the fixative of the specific sennii. are 
affected by the microcytase wliich has escajied from tiie injured 
phagocytes and is found in the jieritoneal fluid. Tlie preparation of 
the peritoneal cavity of normal guinea-pigs by means of an injection 
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of brotli or physiological saline solution the day before, prevents the 
production of PfeilFer's pheuoinenoii, iu spite of the protective seram, 
just as in vaccinated guinea-pigs. In both cases the vibrios, without 
being transformed into granules by* the iluid part of the i>eritoneal 
exudation, arc ingested by the phagocytes an- niKSse and with extra- 
ordinary rapidity. This experiment was repeatejl by Garnicr^ with the 
typlioid cocco-bacillus. lie first injected into the peritoneal cavity 
of young guinea-pigs several c.c. of physiological salt solution, of fresh 
broth or of some other fluid. The next day lie introduced into the 
same situation typlioid cocco-bacilli mixed with blood serum from 
a donkey that had been for a long time immunised against tliis 
organism. A few minutes (2—4) after this latter injection the leuco- 
cytes, whose iihagolysis had been prevented by the previous day's 
prc[)aration, were found crammed with cocco-bacilli. Some of tliese 
bacilli, like those still free in the peritoneal fluid, retained their normal 
form, lint a very large number of those ingested by the microjihages 
were already transformed into giamdes. This experiment affords 
fresh confirmation of the hypothesis that the substance which trans- 
forms the cocco-bacilli or the vibrios into granules is the microcytase. 
In the phagocytes iu their normal condition this microcytase is found 
in the microphages, but during phagolysis a portion of it escapes into 
the surrounding fluid. In the control exiierinients made by Gamier 
with young normal guinea-pigs not pi'cpared by preliminary injection, 
the simultaneous injection of typhoid cocco-bacilli and specific donkey’s 
serum set up this attenuated and not very typical Pleiller's [ihenomenon 
described in Pfeifler and Kolle’s memoir. 

Soon fd’ter the discovery of Pfeiffer’s phenomenon I" Avas able 
to bring forward a proof that it Avas produced neitliei’ in the sub 
[320] cutaneous tissue, in the oedemas setuj) by the arrest of the circulation, 
nor in the anterior chamber of the eye of animals when cholera vibrios 
mixed with anti-infective specific serum Averc injected into these 
situations. Here the iniero-orgamisms retain their normal form, 
remain fpiite alive and in this condition arc ingested by the leuco- 
cytes which are brought up to the points invaded. These cells, 
attracted by the vibrionic products, do not xindeigo any phagolysis 
and, untrammelled, fulfil their phagocytic function. Inside them are 
found vibrios Avhich have kept their elongated form and others Avhich 
have become transformed into granules. The exudations containing 

' Ann. ile Find. Pmteur, Paris, 1897, t. xi, p. 773. 

Ant), de I'lmt. Pnshnir, Paris, 1895, t. ix, p. 453. 
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these elements still give cholera cultures on nutrient media, a ]>roof 
that some at least of the intracellular vibrios are alive. Here we 
liave no destruction of the micro-organisms in the fluids of the 
body, consciiuently no direct action of the bactericidal substance. 
This substance, enclosed in tlie phagocytes, can only act through the 
intervention of these elements. 

iNlesnir made analogous ext)eriinents with the Massowah vibrio, 
Avhicli, unlike the cholera vibrio, is peculiarly virulent when injected 
subcutaneously into guinea-pigs. In spite of this diflerence, this 
inicro-orgatiisin, wlien injected along with protective scrum into 
normal animals,' behaves much as does the cholera vibrio proper. 
IMesnil injected the Massowah vibrios at the same time as the anti- 
infective specific serum, into the subcutaneous tissue of young and 
adidt guinea-pigs and of young rabbits. In every case he observed the 
same reaction plienomena in the animal organism. Tlic vibrios caused 
tlie formation of oedema at the point of inoculation and remained 
isolated in the fluid. The majority of these micro-organisms became 
jnotionless, but a few remained motile, Pfeilfer s plienomeuon was 
never observed. There was sometimes an Jiggregation of the vibi-ios, 
but this was not comparable with the marked agglutination b)*ought 
about by the specific serum in vitro. The vibrios retained their )) 0 vver 
of reproduction, and Mesiiil was able to observe tliem in all phases of 
division. Home liours (0 — 8) after inoculation the leucocytes began 
to come up to the seat of injection and set to work at once to ingest 
the vibi*ios. This pluigocytosis became more and more marked, and 
finally tlierc w^as ingestion of the whole of the micro-organisms. Dro|>s 
of the exudation containing only intraphagocytic vibrios, when placed 
ill the incubator, gave abundant cultures. Tlie leucocytes died out- 
side the animal body, whilst the vibrios continued to live and grow 
well under the new coiiditioiis. Certain leucocytes became three times 
their original size, and their contents >vere seen to be made up of 
vibrios closely packed together. The subcutaneous exudation, when 
withdrawn even eight days after the iujection of the inicro-organisins 
and sown on nutrient media, still gave colonies of vibrios. 

It is evident, thei-efore, that the direct action of the iiroteclivc 
serum on tlie vibrios was reduced to a mere trifle. It rendered tliem 
motionless and brought about a very slight clumping, lint it was 
incapable of transforming the vibrios into granules or of desinn ing 
them. We see, then, that even in the case of the vihrius, the part 
^ A?i7i. de Vlmt. Paateary Paris, JSOO, t x, p. ;i7i. 
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played by Pfeiffer’s plieiieinciion is very limited. Tlie destruction 
of the vibrios is effected with certainty, and completely, umler the 
influence of the specific serums, not by a direct action of the two anti- 
bacterial substances but tlirough the mediation of tlie ])hagocytcs. 
Before the fixative, introduced with the protective serum, can bring 
about this residt, the leucocytes, impressed with a sj)ecial sensitive- 
ness, must come up to tlie seat of inoculation, seize the micro-organisms 
and secrete around them their cytase. It is only as a result of these 
actions, i»urely vital, that the chemical or i)hysico-chcmical reaction of 
the substiuices which intervene in the destruction of the vibrios is 
brought jd»out. " 

Under these conditions it can easily be understood that if the 
vital action of the i)hagocytes is retarded or dej)resscd the injection 
of protective serum cannot preserve the life of the animal. Cauta- 
cuzt'aie’, who liad already made a similar demonstration on guinea-pigs 
vaccinated against the cholera vibrio by these organisms or by their 
products, carried out uunicrous experiments on the action of oi)ium 
oil normal guinea-iiigs simultaneously inoculated with vibrios ami 
specific serum. Before injecting this mixture Cantacuzone narcotised 
his animals by means of tincture of opium. The great majority if) 
of the guinea-pigs so treated died at the end of one or several (lays. 
The transformation of tlie vibrios into granules, under tiu; influence 
of the serum, took jilacc in the peritoneal cavity, but the leucocytes, 
on account of the narcotic action of tlie opium, were tardy in coming 
up. On their arrival in the peritoneal cavity they were capable of 
•i] ingesting the granules, but absolutely refused to seize entire vibrios, 
always fairly mimerons in the exudations. In spite of the a}ipearaiice 
of a large number of leucocytes, these cells were still too weak to 
olftir any adequate (([(position to the vibrios, which increased in 
munber and continued to multijdy up to tlie dcatli of the animal, 
when the exudation sinqdy swarmed with very motile vibrios. Some- 
times the struggle was proh)rigc(f. The weakened leucocytes allow 
the vibrios to develop, but, after a greater or less length of time, 
tliey regain their strength and begin to ingest the micro-organisms 
vigorously. Oonqdete [ihagolysis follows, but the guinea-pig, attacked 
by the toxic [(loducts of the vibrio, finally succumbs iu s[)ite of the 
abseuce of free vibrios from its body. 

An analysis of the [dicnomeua observed in the body of an animal 
treated with autivibrionic serum, demonstrates that, iu spite of a 
^ Ann. (h t’lnst. Pasteur, Paris, 1838, t. xii, p. 290. 



Immunity against micro-organisms 


307 


certain direct action of the substances contained in this fluid, there 
still remain a whole series of processes, amongst which the carriers of 
the cytascs, that is to say the pliagocytes, fill tlie most important role. 
Nevertlielcss, tlie cholera vibrio with its allied forms is still the most 
sensitive of all the micro-organisms to the bactericidal action of the 
fluids of the botly. It may, therefore, readily be conceived that the 
more resistant micro-organisms are even less sulyect to the direct 
influence of the specific serums. Thus we have seen that the cocco- 
bacillus of typhoid fever presents, in the phagolysed peritoneal fluid, 
merely an attenuated form of Pfeitfers phenoinenon. Tlie other 
representatives of the group of bacilli are still less subject to the 
direct action of the serums, and Gheorghiewsky\ in Ins studies on 
the Bacillus pyocyarmtSj found that normal guinea-jiigs, injected 
subcutaneously with anti -infective specific scrum, and inoculated into 
the peritoneal cavity witli this oi*ganism, iiresent the same plienomena 
as those described in Chapter Vlll. He never noticed either lysis 
of the bacteria in the fluids of the animal or their total transforma- 
tion into agglutinated masses outside the iihagocytes. The resistance 
ofiered by the animal was always in direct relation to the rapidity of 
the appearance and extent of the phagocytic reaction. 

In order to determine the relative importance of each of the factors 
which act in the preservation of animals subjected to tlie influence 
of the specific serum, Ghcorghiewsky reiieated CantaciizJ;ue/s experi- [323] 
ments on the elFect of narcotisation by tincture of opium. This alkaloid 
retards diai>edesis, but does not allect the tactile sensibility or the 
motility of the leucocytes. The humoral properties, on tlie other 
hand, arc not in the least affected by the narcosis. In spite of the 
fact that in guinca-jiigs, narcotised and treated with anti-infective 
serum, the direct action was not interfered with, the animals always 
died because the retarded and incomplete phagocytic reaction was 
insufficient to destroy the bacilli rapidly enough. 

MesniP studied the action of 'the specific serum against swine 
erysi[)elas on normal animals into wdiich he had injected it some time 
before inocidation of the corresponding bacillus into the peritoneal 
cavity. This serum exercises a most marked protective Jiction on tlie 
mouse, an animal very susceptible to the patliogcnic action of this 
micro-organism. In mice so prepared complete and rapid pliago 
cytosis takes place. These micro-organisms before being ingested 

^ Ann. de Vlnst. Padcury Paris, JS99, t. xiir, p. 312. 

^ Ana. de I Inst. Pasteury Paris, 189S, t xti, p. 492. 
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by the phagocytes show no appreciable change ; they are always 
stained very uniformly and intensely by Grain’s method, and they 
never sAvell up. The bacilli undergo no agglutination in the body 
of the mouse, a fact of Avhieh we can convince ourselves liy examining 
hanging drops of the exudation. The phenomenon which strikes the 
observer most is the very pronounced i>hagocytosis, due principally 
to the activity of the niicrophages. Some hours after inoculation 
these cells arc found to be crauiincd with bacilli, a large number 
of which no longer stain in tlie normal fashion. Without being trans- 
formed into granules, these micro-organisms undergo intracellular 
digestion which at the end of a few days is complete. This de- 
struction is more rapid ami complete in the mici'ophages, slower in 
the maci'ophages. Drops of exudation collected from these mice, at 
a stage when the ingestion is completed, produce fatal septicaemia 
in untreated mice. This is proof that at the moment Avhen they Avere 
seized by the phagocytes the bacilli still retained their viiadencc. 
Mesnil, as the result of his experiments, concludes that “ the etlect 
of tlie serum is to stimulate the phagocytes and especially the poly- 
nuclear forms; they ingest more quickly, they digest more (pnckl 3 % 
The serum is, therefore, a stimulant of the cells charged with the 
defence of the animal ” (p. 496). 

i.iai] We need not describe the idienomena produced in mice inoculated 
subcutaneously and ti*eated Avith protective serum, for even in the 
peritoneal cavity neither rfeiffer’s phenomenon nor any extracellular 
destruction of the bacilli can be observed. The micro-organisms, 
Avhen subjected to the influence of the specific serum, readily absorb 
the fixative, as demonstrated by llordet and Gengouk This absorp- 
tion must certainly favour the action of the iutraiAliagocytic cytases. 
It is not, hoAvcA'cr, sufficient to explain the protective, anti-infective 
action r)f the serum. Such explanation Avas given by the experiments 
Avhich Gengou, at my request, Avas good enough to make, lie inocu- 
lated mice with the bacilli of sAvinc erysipcliis, mixed Avith specific 
serum heated to ho'’ C., to Avhich Avas added some normal guinea-pig’s 
scrum. The mice so treated resisted the infection but controls died 
in a fcAv days. Being thus assured of the protective action of the 
serum, Gengou prepared the same mixtures of swine erysipelas 
bacilli and of the tAVo scrums ; but, instead of injecting the Avhole of 
the mixture, he nanoved the bacilli from the serums, after a pro- 
longed contact, and injected the bacilli alone into the mice. The 
^ Amt. de VInHt. Fa.d<'Ui\ Paris, 1901, t \y, p. 289. 
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bacilli had become permeated with fixatives, but, in spite of this, 
they killed the mice almost as quickly as the controls. Consequently, 
it is not the fixative adhei’cnt to the micro-organisms whicli deter- 
mines the [)rotective action of the specific serum. This fiuid must 
contain another substance, one tluit will stimulate tlic phagocytes. 

The analysis of tljc^niechanism of the imiimnity termed passive, thtit 
is to say, communicated to normal animals by the introduction of an anti- 
infective specific scrum, teaches u.s that, even when the direct action of 
the humoral substances is very limited, the protective effect, thanks to 
the .stimulant action Avhich l)rings about the destruction of the micro- 
01 ‘ganisms through the mediation of the i>hagocytic reaction, is still 
})roduced. The residt at whicli we have thus arrived is confirmed by 
the examination of the phenomena observed in animals subjected to 
the action of anti-antlirax scrum. Marchoux^ first sup])licd us with 
jirecise details as to tlie mode of action on the rabbit of the serum of 
animals treated with anthrax bacilli. He found that, in the iieritoneal 
cavity of rabbits injected the day before with anti-antlirax serum, the 
inoculated anthrax bacilli almost immediately become the prey of [3-25] 
]>liag()cytes. Within a couple of minutes after the introduction of 
bacilli into the peritoneal cavity, the great majority of them ai’c 
ingested by the leucocytes ; ten minutes later, there are no free 
bacilli. Not only the ingestion but also the destruction of these 
micro-organisms takes place witli great i-apidity, and even a fcAV hours 
after tlie injection, the peritoneal exudation, when sown on nutrient 
media, remains sterile. In tlic subcutaneous tissue the jiliagocytic 
reaction requires a longer time than in tlie peritoneal cavity, never- 
theless, it goes on very rajiidly. Tims, when inoculated into the 
subcutaneous tissue of the ear of rabbits treated Avitli sjiccific sernm, 
the bacilli are in great part inge.sted at the end of half-an-hour. At 
the end of an hour phagocytosis is usually complete. 

In Marchoux's experiments the imiiortance of the part played by 
tlie pliagocA tes becomes still moi’C proiniiieut when it impedes tlieii' 
function in any way. Ihibbits injected witli anti-antlirax blood and 
24 lioiirs later inoculated below tlie skin of the ear with anllirax 
bacilli always resist infection, exhibiting the well-marked phago 
cytosis just mentioned. In other rabbits, however, prepared in the 
same way with the serum, but inocidated tlie foIloAving <lay into an 
ecchymosis excited by tapping the ear lightly, a certain ]mniI»or of 
the bacilli escape the phagocytes and succeed in setling iq> an 
^ Ann. de Vlnst. Pastem% Paris, 1895, t, ix, p. 8oo. 
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abundant oedema followed l>y a fatal anthrax at tlie end of a few days. 
On making a post-mortem examination of these animals tlie bacilli 
w^ere not numerous, but they were found in all the organs. The same 
result was obtained in another experiment in which Marchoux inocu- 
lated subcutaneously w ith anthrax blood which coagulated m situ 
rabbits prei)ared wafch specific serum. The blopd clot attracted only 
the macrophages, as pointed out in Chai)ter IV. The microphages 
did not come up until late and then in small numbers. Xow, as 
these are the i)liagocytes that are chiefly instrumental in destroying 
the anthrax bacillus, their absence allowxMl tlie bacilli to multi|>ly and 
to set up a fatal anthrax. The rabbits prepared w itludhe same serum 
but injected with antlirax blood diluted with broth (wiiicli prevents 
the formation of clot) completely resisted infection, thanks to the 
phagocytic reaction which went on without liiiidrance. 

Sclavo^ also, Avho made numerous investigations on the action 
[32<)] of the anti-anthrax serum, is of opinion that tliis action is not a 
direct one upon the bacillus but is produced indirectly through 
the action of the animal organism. He maintains that the serum 
stimulates tlie function of tlie phagocytes and augments the liacteri- 
cidal action of the body fluids. But since this bactericidal power 
enters tlie cytase as a substance destroying the micro-organisms, and 
tliis cytase is contained in the pliagocytes, we can readily understand 
what a dominant part in tiie process these elements play. 

Sobernheim*^, also, has paid much attention to the riuestion now 
under discussion. As the result of his researches he comes to the 
conclusion that the aiiti-anthrax serum ‘^cannot exert any eUeet on 
the vii'iis by a direct action of the ])rotective s|)ecifie sulistances.'’ In 
order that the serum may be effective, the active intervention of tlie 
organism of tlie animal is necessary, otherwise, it is imiiossible to 
explain why the scrum, used in the same proportion against the same 
(piaiitity of anthrax bacilli, should protect one species of animals 
(the rabbit) and allow anotlier ‘(guinea-pig, mouse) to succumb. 
AVlieii Sobernheim tried to apply to anthrax the discovery of the 
transformation of cholera vil)rios into granides, he got only negative 
results. There was nothing produced comparable to Pfeifler’s phe- 
nomenon and the anthrax bacilli usually underwent no apiiarent 
modification. Sobernheim atlirms also that the rapid phagocytosis 
under the influence of the serum, described by Marchoux, does not 

^ Centralhhf. Bakieriol, ?/. ParasltenL^ Jena, 1S99, i Abt., Bd. xxvr, S. 428. 

2 Ztschr,/. Ht/if.i Leipzig, 1809, Hd. xxxr, S. 110. 
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appear to be produced under all circumstances” (p. 117). As, how- 
ever, his researches on this subject were made on guinea-piijc.s which, 
in spite of the treatment with specific serum, always ended by 
succumbing to anthrax, Ave readily understand that liis results cannot 
be compared Avith those obtained by Marchoux. I was present at the 
experiments of tliis observer and convinced myself of the accuracy of 
tlie fiicts recorded in Lis memoir. 

Most of the examples licre studied justify fully the hypotliesis 
of the stimulant action of protective serums, a Anew that I formu- 
lated as the result of my researches on tlie immunity of rabl>its 
against the Geijtilly cocco-bacillus^ In this the first case of anti- 
infective immunity, due to the serum elaborated by an immunised 
animal, I could not find either a bactericidal action, howc\"cr slight, 
or any agglutinative or attenuating property of the fluids of the 
body. As, on the other liand, this serum had no antitoxic poAver, [.‘^27] 
everything indicated that Ave must look for its action, Avhich Ava*s 
nil or very sligld on the micro-organism, as being exerted on tlie 
organism of the animal into Avhich it Avas injected for protective 
pur[)oses. A comparative examination of the course of tlie plieno- 
mena in the subcntancous tissue of the ear in ral)bits, some of 
wdiicli received an injection of tlie specific serum into the veins whilst 
others Avere kept as controls, at once showed how Avidely dillerent 
Avere the two cases. In the control animals, tlie cocco-bacilli im- 
mediately began to multiply Avithout meeting with any opposition on 
tlie part of the organism of the animal ; on the otlier hand, in the 
i‘abbits ti’cated Avith scrum, the serum became ricli in leueocytcs 
Avhicli at once set to Avork to ingest the iniero-orgauisms. In coarse 
of time the latter gradually diminished in numbers, Avhilst tlie leuco- 
cytes Avent on increasing. The jihagocytosis, also, became more and 
more marked. This struggle Avas continued for more than 21 liours, 
after Avhich tlie purulent exudation, containing masses of leucocytes, 
no longer included any cocco-bacilli visible under the microscojie 
either outside or inside cells. NcAwthcless, this pus was still capable 
of producing a fatal septicaemia in untreated rabbits, clearly pro^ iug 
that it still contained some living and virulent micro-organ isMis> 
These cocco-bacilli persisted for a long time inside the jihagocytcs ; 
their presence being demonstrated by injecting the exudation into 
unprotected rabbits and thus vSetting up a fatal infeotioii. I'inally, 
hoAvever, they disappear completely. On consideration of such laets 
^ Ann, de I- Inst. Pasteur^ Paris, 1802 , t vj, p. 308. 
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as tlicse I considered that I was .iustified in formulating the following 
conclnsion at the end of ray memoir ; “ From the facts I have de- 
scribed, taken collectively, we may draw the conclusion that the 
l>reservation of umaccinatcd rabbits treated with serum is due to a 
superactivity of the i)hagocytic defence ; and it is allowable to 
express the opinion that the protective scrunv of hog cholera acts 
in rabbits by stimulating the i)hagocytes, rendering them less sensi- 
tive to the toxins, and by stimulating them in their struggle against 
the bacteria’’ fj). 31 0). 1’he facts since collected by various observers 
fully justify this hypothesis. Amongst the other micro-organisms 
against which a rapid immunisation has been obhvincd by means 
of scrum, we must cite the cocco- bacillus of bubonic plague. 
Kunicrous experiments, carried out on several s])ecies of ajumals, 
have shown that antiplagne serum markedly augments the phago- 
cytic reaction. 

[328] In the group of the cocci, the streptococci have been sj)ocially 
fully studied from the point of view now under discussion. As 
already stated in an()tlier chapter, success has been attained not only 
in thoroughly immunising several species of animals against this 
dreaded micro-organism but active serums have been obtained 
capable of conferring distinct and certain immunity. The protective 
action of Marmorek s serum, prepared at the i’asteur Institute, has 
lieen specially carefully studied. This serum is obtained from horses 
that have received numerous injections of various races of strepto- 
cocci pathogenic for animals and for man'. At Louvain, Denys and 
his pupils prepared several other antistreptococcic serums and studied 
their protcclive elVect on laboratory animals. 

In cdllabi nation with Lcclef, Denys- began by vaccinatirig rabbits 
against strcptococc-i and studied the mechanism of the immunity 
obtained in these animals. A summary of their researches will be 
fuimd in the eighth chapter. Denys and Leclef considered that the 
serum of vaccinated rabbits intervenc.s in two w'ays, first by directly 
hindering the multiplication of the streptococcus and then by exalting 
the activity of the leucocytes. They applied these results to the case 
in wliich immunity is conferred upon normal rabbits by the inter- 
vention ot the sei imi of the vaccinated rabbit, but they were unable 
to furnish any data bearing directly on tliis immunity. Somewhat 

* Marmorek, Arm. de l.’lmi. Paaieur, Paris, ISO.'j, t, rx, )t. .593. 

2 La (Mule. Licn-e et Louvain, 1893, t. xi, p. 175, -.md Bull . And. roi/. de mcd. 
de Bnixelles, 
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later, Denys\ in collaboration with Marcliatul, publislie^l another 
meiuoir in whieli he describes ex])eriments on the lueehaiusiu of the 
iinnuinity conferred on rabbits by injections of the blood-serum of 
vaccinated horses. From these experiments they di*aw tlie conclusion 
that *^the scrum of the horse immunised against the streptococcus 
possesses no bacterif;idal properties, properly so called, against this 
micro-organism ; it does not aifect it directly ; but it contains a 
substance which renders the phagocytic power of the leueoejtos 
extremely active. Even in the pi-esence of small quantities of this 
serum, the white corpuscles rapidly ingest the streptococci and arc 
capable of stopping all development so long as tl)ey retain their 
amoeboid movements/' action of tlie serum upon the leuco- 

cyte ill its conflict with the streptococcus, is really dcilved from the 
horse iumiunised against this organism. It exists neither iii the[ 
ordinary horse nor in the horse A^acciuated against diphtheria" 
I'p. 15). Against these exiiei'iments of Denys and Marchand we 
might bring the same objection that we raised against the analogous 
experiments of Denys and Leclef, because, in both cases, these 
wi’iters lay too much stress on the presence or absence of the phe- 
nomena of i)hagoe\'tosis in ])rei)aratious kejit outside the body of the 
animal. Under these conditions phagocytosis- is eftected in a fashion 
too artificial to be capable of furnishing exact information. 

Von Tdngelshcim‘^ met Denys and Alarchand with the fiict that, 
in their researches, the serum of the horse immunised against 
the streptococcus was only feebly bactericidal. .After a prolonged 
contact (<J — 12 liours) with a specific serum, the streptoeoeei, when 
transferred to rabbit’s blood, showed retarded develojmient as com- 
pared with streptococci subjected to the influence of the anti- 
diphtheritic and autitetauic horse serum. A"^ou Liiigelslieim liiinself, 
however, points out that the bactericidal action of the autistrei)to- 
coccic serum was feeble and transient, and required the intervention 
of the reaction of the animal cells within tlie body. 

The researches carried out by Bordet^^ in my laboratory are not 
open to the objections that we were justified in putting forwaiii 
against the expei’iments made by Denys and Marchand, since he care- 
fully watched the pheiiomeiia of immunity as they developed in the 

^ BidL AcauL roy. de wkl, de Briixelles, 1806 . 

^ lIa0iidAd4{ms-Si:hri/^^ Marburg, 1809, arid in vou IJeliriiig^s Bciiiagc zur 
cx 1)01 imeii tel Icn Thcrauie/’ 1890, Ibl. i, 8. 40. 

A fui. de rimt. Pasteur, Paris, 1807, t. xi, p. 177. 
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body of the animal subjected to the action of antistreptococcic horse 
serum. Bordet began by studying the pi’operties of tliis serum and 
accepted Denys’ and Marchand’s statement that bactericidal powei-, 
however small, was absent. The streptococcus grows as well in 
this serum as it does in that of the untreated horse. In the specific 
serum, however, markedly longer chains are pro^duced than in normal 
serum. This ditference i.s found oidy in the earliest period of the 
growth. Tlic agglutinative power of the antistreptococcic serum is 
but feebly marked. The injection of a large quantity of this serum 
into a normal rabbit confers no bactericidal power upon the serum of 
this animal. “The serum extracted 21 hours after ii,\)cction is (juite 
as suitable for use as a culture medium as that furnished by the 
blood before the introduction of the serum. In both the micro- 
organism grows ra|)idly and vigorously” ip. 105). Consequently, in 
[3.10] the antistreptococcic serum there is nothing conqyaralile to what we 
ol)tain so readily with antivibrionic serum : nothing which recalls 
Pfeitfer’s phenomenon, even of an attenuated nature. We have 
alreatly noted the result obtained by Bordet, according to which the 
streptococci, developed in the specific liorse serum, were found to bo 
endowed with their normal high virulence. 

The antistreptococcic scrum, injected into the peritoneal cavity of 
the rabbit the day previous to the microbial inoculation, protects 
tlie animal absolutely, provided that the micro-organisms be not too 
numerous or the quatitity of serum not too small. Under these 
conditions the virus is ingested pretty ra[)idly and, so far as we know 
at pr(?sent, completely. The micro-organism is thus j)reveuted from 
developing and the animal remains in good health, whilst the control 
animal, Avhich Inis received no serum, dies in a very short time. 

5Vhen the number of streptococci is increased the effort of the 
animal organism to get rid of them becomes, in s])ite of the 
protective serum, more severe and much more prolonged. Some 
of the micro-organisms certainly become the jirey of phagocytes, but 
a sufficient number remain free in the peritoneal cavity to multiply 
rapidly. When the number of streptococci has become sufficiently 
great a phenomenon, to Avhich Bordet gives the nmue of “phagocytic 
crisis,” is suddeidy observed. In the peritoneal exudation, which has 
become thick and has taken on the aspect of a homogeneous and 
wliite pus, a most rapid phagocytosis is evidently set up. In a short 
time the whole of the streptococci, which were swarming outside the 
cells, are ingested by the leucocytes. “The essential condition for 
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recovery is always this cornplete ingestion ” (p. 203). If the ingestion 
is not genera], the rabbit may die, although much later than the 
control animal. 

The ])hases of the struggle between the animal organism, Avlicu 
subjected to the influence of tlie protective serum, and the strcjito- 
coccus, recall Salimbeni’s experiments on immunised horses. The . 
rabbit, in whicli phagocytosis could not take place at once owing to 
tlic presence of too large a number of micro-organisms, exliibits first 
a sbige of free devel()))ment of the sti'e))tococci, after Mhieh the 
phagocytes begin to fulfil their atitibacterial iVniction. Here it is 
especially the itiacrophages which act ; the microphages, although 
present in fairly largo numbers, are entirely inactive. This first stage 
of phagocytic reaction is insufficient. It is followed by a})eriod when [ 
the streptococcus api)ears to gain the upper Inand. Many small 
chains, having escaived the phagocytes, multi])ly and give birth to 
quite a new geucratiou of miero-organisins. If a fresh impulse to 
])hagocytosis does not take place tlie animal dies from infection. 
WJien, liowever, the protective serum }»as been of sufficient strengtli, 
a new army of leucocytes arrives on the scene and tlies<^ become 
masters of the situation. Pliagocytosis becomes complete and micro- 
|)liages as well as macrophages <levour a large nuinber of stre])tococci. 

Bordet, who, through liis previous investigations, was well ac- 
quainted with the direct action of the protective serum on vibrios, 
could find nothing resembling it taking any part in tlie struggle of tlic 
organism of the animal treated with antistreptococcic seiaim against 
the strej)tococcus, Tlie most that he could find was that the strepto- 
cocci wliich again begin to swarm in the exudation are smaller in size 
tlian the normal streptococcus. It must be accejded, as indicated by 
the most I'ecent researches, that this micro-organism becomes per- 
meated by tlie fixative substance of the specific serum. We know 
already, howevei*, tliat this fixation cannot deprive the mici'o-oiganisms 
of their virulence. In any case, “then, a large sliare in tlie piocess 
must be attributed to the action of the phagocytes, stimulated l>y 
the iirotective serum, in the struggle of tlic animal against i!ie 
strejitococcus. 

Having considered this series of examples of imimmity agafust 
bactei’ia conferred by sfiecific scrums, we are in a position to fotm 
some idea of tlie meclianism of this immunity. BcTore w e come to any 
general conclusion, it may be useful to glance at an example of this 
so-called passive immunity against a inicro-orgaMism licdonging to 
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tlie animal kingdom. Such examples are not numerous, as, in the 
inajoi ity of cases of acquired immunit}^ against Protozoan parasites, 
tlie serum is inactive and incapable of communicating immunity to 
normal individuals. We have only a single example, the Tryjxmo- 
soma of rats, against wliich Di‘ Lydia Rabinowitch and Dr Kempner^ 
have demonstrated tlie possibility of imimmisatiqn l)y tlie blood serum 
of vaccinated white rats. The mechanism of tins immunity has been 
studied by La\'eran and Mesnir', who found tliat it was like that 
described (Cliap. VI ID in cojuicction witi] tlie immunity in white rats, 
conferred by tlie inoculation of living Tn/panosomata. The specific 
[332] serum does not affect these infusoria except that it brings about slight 
agglutination. 7'n/juinosomata placed in contact with it retain their 
pristine vitality and motility. This fact led Mme Rabinowitch and 
Dr Kenqmer to advance the liypotlicsis that the protective action of 
the sei'um must deiiend vqion its antitoxic power. Since, however, in 
the infection of rats by tlie the toxic action is very 

feeble if not nilj it is very difficult to accept this view. It certainly 
appears to be much more [irobable that the serum acts in this case, as 
in many others, by stimulating the phagocytic reaction. The rapidity 
with which the living IVypauosornata are ingested by the phagocytes 
has been shown by Laveran and MesniL 

Reviewing the whole of the data on iinmimity produced under tlic 
influence of anti infectivc or iirotective scrums, it is evident that they 
fall under two main categories. On the one hand there is a direct 
action of these serums on the micro-organisms, an action tliat is either 
microbicidal properly so called, agglutinative, or fixative. On the 
otlier hand, a stinndatiou of the phagocytic defence Avhich leads to 
the final destruction of the micro-organisms is set up. This last factor 
is general ; even in tlie case where the direct action is most rnarlced 
(vibrios in the pliagolysed peritoneal cavity), its iinportancc is con- 
siderable. Tlie micro-organisms which can be deeply injured b\" the 
direct action of the sjiecilic scrum are few in number. In most cases 
this action is a feeble one and needs, for its completion, effective 
co-operation on the part of the phagocytes. In tids rcsjiect micro- 
organisms present a whole gamut wliicli begins with tlie cholera 
vibrio, the micro-organism most sensitive to the action of the body 
fluids, and ends with the Tnjj}cmosoma of the rat, a flagellated 

1 /Aschr,/, Hmhy Leipzig, 1899, Bel xxx, S. 251. 

" Laveran, ^‘I'itros ct travaiix scienti fillies,” Paris, 1901, p. 39. Ann. dc rinst. 
Pasteur y Paris, 1901, t. xv, p. 673. 
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Infusorian Avhich cannot have even its motility affected by the direct 
action of the fluid elements. In all thcvse cases, of course, the im- 
munity conferred by the scrums is due to the final destruction of 
the micro-organisms which invariably resolves itself into tlie same 
fundainental act — digestion by the cytases, a phenomenon which can 
only be produced at^all (juiekly by the action of cytases contained 
in the ])rotective serums or that have escaped from the phagocytes 
during phagolysis. The digestion by the cytases may also, and tin’s 
is usually the case, be elfected only after the manifestation of a regular 
series of vital ])henomena on the part of the defensive elements 
of the body. As this factor fills such an imi)ortant roh^ it is readily 
understood that we can not accept the term passive immunity by 
whicli to designate the immunity conferred by tlie si>ecific serums. 

Tlie action of the cytases, which is necessary to bring about the final [xn] 
result in tins immunity, depends too much on the activity of the 
cells whieli contain the bactericidal ferment For tliis reason, when 
tlie functional activity of tlie phagocytes is in abeyance or is retarded, 
the animal succumbs, in s})ite of the presence in its orgtnnsm of a 
more than sufficient quantity of cytases. In this connection Wassor- 
mailn's^ suggestion of adding normal serums rich in cytases to tlie 
specific serums must be regarded as very apposite. ^Vlien protective 
serums poor in cytases or which have lost them as the result of 
heating, of the use of antiseptics, or simply from the influence of 
time, are injected, no immunising eflect is ever obtained, sim])ly be- 
cause of the imictix ity of the phagocytes, the cells in w hich th»e cytases 
are found. If at the same time normal scrum rich in cytases ready 
prepared be injected, better results should be obtained. AVc may 
recall here an analogous example — the anthrax of the rat. xVltlioiigh 
possessing a large quantity of cytase, very eflective against the bacillus, 
the organism of tlie rat cun make no use of it, because the phagocytes 
wliicli contain it do not manifest a sufficient activity. But tlie 
injection into a rat of blood senifn from tlie saine species containing 
a certain amount of cytase that has escaped during the formation of 
the clot, is suflicient to jireserve the animal against a fatal infcctioiL 
To support liis view, sound in principle, Wassermann nnulc an 
experiment the interpretation of which jiroscats certain diflh uhies. 

He injected guinea-pigs with protective antityphoid sei uin, in a dose 
insufficient to jirotect them against a fatal infection. By introducing 
along with this serum a certain (|uautity of normal ox scnini wliich, 

^ Deut,^che wed. Wchtischr., Leipzig, 1900, S. 
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by itself, is also incapable of averting a fatal issue, Wasserniann 
obtains an absolute immunity of his animals. This immunity is due, 
according to Wassermaun, to the cytase of the ox serum acting along 
Avitli the fixative of tlie s})eeific scrum. The united action of tlie two 
ferments causes the death of the micro-organisms. Besredka^ has 
justly observed that normal ox. serum contains, v) addition to cytases, 
a substance which exerts a diKstinct agglutinative action on the tyj)hoid 
eocco-bacilliis and another which stimulates the phagocytic action. 
These tA\ o substances resist a temperature of 55" — GO'" C., and Besredka 
[334] shows tliat with normal ox serum, deprived of its cytases by lieating 
as above, we can obtain the same protective edect a^; Avith the same 
serum unheated. 

As the result of another series of experiments, Wassermann- 
recognises the immunising action of noi-mal serum heated to GO' 0. 
and so eutii'cly deprived of its cytases. Into the peritoneal cavity of 
guiuea-ihgs he injoets, mixed with heated normal rabiht’s serum, a 
dose of typhoid cocco-baeilli several times greatci- than the letlnd dose. 
The guinea-])igs resist this completely. Analysing the mechanism of 
this immunity, Besredka (?.c. p. 229) attributes it to the combined 
action of the aggiutiniii and of the substance Avhieli stimulates tlie 
phagocytes. We have here another jiroof that the stinmlins Avhich 
play such an important part in iimnunity conferred by serums, arc 
found not only in tlie specific scrums, but also in normal serums, 
whether unheated or heated to 55'' — G0''C. 

Tlie lu'oteetive property of the normal serums of man and animals 
against the cholera vibrio has already been referred to. We may now 
go a Uttle more dee])ly into the mechanism by which these serums 
act. This task is au easy one thanks to the imjiortant Avork by IssaefP 
carried out in B. PfeiHer’s laboratory. Having confirmed tlie ob- 
servation, made by other investigators, that blood serum from the 
human subject, Avliethor in health or affected by any disease, is capable 
of protecting the guinea-pig against the cholera vibrio pi*ovided that 
it is injected 21 hours before the micro-organisms, Issaeif studied the 
phenomena observed in the peritoneal cavity of tlie animals experi- 
mented upon. By means of small capillary pipettes he dreAV off at 
intervals a small quantity of fluid from the peritoneal cavity and 
examined it in lianging drop or in stained preparations. Some time 

1 Ann. de I'lnsf, Pnstmr, Paris, 1901, t xv, p, 22:). 

‘ Diuit^^che. mcd. Jf’chnitchr., 1901, S. 1. 

ZUchr.f. lltjty.j Leipzig, 1894, I>«1. xvi, S. 2S7. 
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after the injection this fluid became more aiid more rich in leucocytes 
which seized tlie vibrios, ingested and (iestroyed them. To obtain 
this protective effect it was necessary to inject from 01 to 5 c.c. of 
Jmman blood serum. With tliese doses lie could prevent, not only 
infection of the guinea-pigs by the cliolera vibrio, but also the lethal 
etfccts of other vibriosi. The protective action of normal human sennn 
is general, therefore, and not specifle, such as is the immunity conferred 
by the serums of vaccinated animals or of the human subject who has 
suffered from an attack of cholenu 

Shortly afterwards Funck^ confirmed this I'csult in the case of the 
typlioid cocco-lmcillus. lie observed that normal horse’s serum, in- 
jected as a protective agent in the dose of half a c.c. into the peritoneal 
cavity of the guinea-pig, preserved this animal from a fatal infection. 
Pfeilfer and Ivolle and Chantemessc and Widal obtained the same 
results with human scrum. The former observers lay special stn^ss 
on the non-sj)e(;ific character of this pi’otective action of normal 
serunns. As to its mechanism, Funck sums it up as follows: “the 
specific scrum brings aliout a rapid lysis of the bacilli, normal serum 
acts in a much more limited foshion; if the dose is very large and 
if the animal resists infection, the phenomena of e.\tracellular de- 
generation are rarely ajiprcciable, and it seems that here the specially 
important factor is the intracellular destruction of the bacteria, in the 
phagocytes” (p. 7<0' 

Wasserinann has shown the protective action of normal serum 
against tlie experimental disease produced by the staphylococcus. 
This action, although not absolutely general, is nevertheless widely 
distributed. Wasserniann^, from comparative investigations on this 
subject, came to the conclusion that “the serum of a different species 
of animal acts by greatly increasing the resistance, whilst the serum 
of the same species produces an effect which is not nearly so marked.” 
As in these normal serums a stimulating influence on the phagocytes 
is specially marked, it may readily be understood that the serum of 
the same animal or of the same species does not produce so energetic 
an effect as tlie serum of a different species. As these normal serums 
possess, not only the projierty of exciting jihagocytosis, but often also 
that of rendering motionless and of agglutinating certain micro-organ- 
isms, there might be some difficulty in interpreting the part played 

' “La Sorotlierapie de la fifevre typhoi’de,” Bruxelles, p. 

* Zischr.f. Uy<j., Leipzig:, UiOl, Bd. xxxvii, S. laa. 
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by these serums. It may be tiseful, therefure, to pass in review the 
protective action of fluids less complicated than blood scrums. 

Issaeff, in the work already cited, demonstrated that not only 
normal serums but a Avhole scries of fluids, such as urine, broth, etc., 
exert a protective effect against microliial infections. These fluids 
must be injected about 2t houi-s befoi-e tlnj introduction of the 
bacteria. Tlie best method consists in injecting them directly into 
30] the peritoneal cavity, after which the animals acquire an immunity 
against absoliitiily fivtal doses of cholera vibrios. Funck verified this 
oi)servation for the infection caused by the typhoid cocco-bacillus, 
and Bordet confirmed it for the strei)tococcus. The injection of 
jieptoniseil broth into the i)eritoneal cavity of the normal guinea-pig, 
made 21 hours before an inoculation of double the fatal dose of the 
streptococcus, exerts a distinct protective action; tlie infection does not 
kill the animal. This liroth is neither bactericidal, attenuating, nor 
agglutinative ; it forms a good culture medium for the streptococcus 
and possesses no fixa tive power. Consequently it does not act directly 
on the vitality or virulence of the micro-orgauisiu ; nevertheless, it is 
distinctly jvrotective. 

According to TssacflF’s researches, the protective substances used 
by him must be arranged in the following order as regards tlieir 
action against the cholera vibrio. Tuberculin is tlie most effective ; 
then coTues a 2®/o solution of nuclein, followed by normal human 
serum, broth, and iirine, wliilst physiological saline solution is tlie 
least active. All prevent infection by tlic vibrios, but the protection 
is effective for some days only; this pi’otective action is exerted 
against various kinds of bacteria, being in no sense specific. 

Pfeiffer lays so much stress on the great difference between the 
jirotective power of normal serums, as well as of the other fluids 
mentioned, and that of the anti-infective siiecific serums, that he even 
jiroposes to classify the first group as giving rise to pmido-iminuHiiy 
or rci^iManee. This view is cerbuiify an exaggerated one, because it 
is difficult to draw' a veiy' distinct line between the two groups of 
phenomena. I’hore are normal scrums, of which OT c.c. is quite 
sufficient to confer the protective effect, just as there are specific 
serums of which it is necessary to make use of a much greater dose 
to attain the same result. 

Protective fluids, other than the serums, only manifest their in- 
fluence by exciting a great phagocytic “superactivity.” As the result 
of their injection into the peritoneal cavity of normal guinea-pigs. 
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first a transitory pLagolysis is induced, this being soon replaced by a 

%ery considerable afflux of leucocytes, which is maintained for 21 liours 

or longer, and then gives place to the noruial condition. It is during 

the period of thegreatest leueoeytosis 

of the peritoneal fluid that the animal 

exhibits the most marked rcsistanco 

against infective micro-organisms. 

The vibrios arc rapidly ingested 
by the phagocytes, Avithout having 
previously been acted u|)ou by tho 
“humours.” Bordet shows that the 
same thing happens in tin? case of 
the streptococcus inoculated into 
guinea-pigs after a protective injec- 
tion of i)eptouised brotli. 


We have observed the same phe- 
nomenon in guinea-pigs and white 
rats inoevdated Avith the cocco- 
bacillus of plague. Treated Avith 
freshly prepared peptonised broth 


Pin. 42. Cnltnrft of tlie 
bacillus tlcvcloped with in jv 
niacroxiluige fvom guinea-idg. 
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Fio. 43. Macrophage 
from guinea-))! g 

filled -with plague 
bacilli. 


Fig. 44, Macrophage 
from guinea-pig 
containing plague 
bacilli wliieh are 
commencing to es- 
cape from the pro- 
tojilasm. 







.Fig. 45. Macrophago from giunea- 
X)Lg which has burst us the rosulh 
of the development of plague bacil ii 
within it. 


the day pi’cvious to inocidatioii, these animals opiiose to the luicro- 
organisra a much more marked resistance than do tiie control animals. 
The injection of the cocco-bacillus of i>lague sets up a marked i)hago- 

B. 21 
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cytosis on tlie part of the macrophages. These cells ingest large 
numbers of micro-organisms which, after a time, have all passed into 
the phagocytes. If a drop of the peritoneal exudation is now with- 
[338] drawn, Ave find only intracellular cocco-bacilli (fig. 43). If the drop be 
Ivcpt for some time outside the animal and at a suitable temperature 
the macrophages may be seen to [)erish and the micro-organisms to 
develop in their contents. We thus obtain abundant cultures which 
pass from the interior of the macrophages into the fluid of the 
exudation (figs. 42, 14, 45). When the animals are not sufficiently 
])rotccted the same phenomenon is observed in tlie peritoneal cavity 
of the living animal. The macrophages, crammed n‘ith cocco-bacilli, 
l)urst, allowing the micro-organisms to escape. These multiply in the 
peritoneal iliiid and spread through tlie animal, which soon dies. 

Wasserrnanii affirms that “the artificially increased resistance is 
nothing Imt an active and reinforced affiux of the complements 
(cytascs) towards one point in the animal, for the }>uri)()se of di- 
gestion.’’ {/Ai^chr. f, Hijg., Leipzig, 1901, Bd. xxxvii, S. 199.) 
Wassermann does not explain liow this affiux of eytascs is produced. 
The entirely concordant researches on this point by Issadf, Fiinck, 
Bordet, and ourselves, prove that this afflux takes place not through 
the mediation of the fluids, but solely through the phagocytes, 
the carriers of tlie eytases. Consequently it is beyond dispute that 
in the immunity confeiTcd by physiological saline solution, brotli, and 
several other fluids, we have to do solely with an augmentation of the 
phagocytic reaction. In the immunity coufeiTcd by normal or specific 
serums, this same stimulating factor still jilays tlie more important 
part. Along Avith it, however, there is an intervention more or less 
pronounced, according to circumstance, and more or less frequent, of 
eytases, brought liy tlie serums prepared outside the body or that 
have escaiieil during iihagolysis, as well as of substances truly 
humoral, such as the fixatives or the agglutinins. 

Amongst the noii-siiecific substances which arc capable of con- 
ferring an immunity more or less stable, must be placed the 
products of micro organisms other than tliose against Avhich Ave Avisli 
to jirotect tlie animal. Pasteur^ noted that Avhen the antlirax 
bacillus, nrixeil with other micro-organisms, in themselves inoftensive, 
is inoculated into animals, anthrax does not develop and the animals 
remain well. Later, Emmerich^ showed that tlie streptococcus of 

^ CojHpf. rend. Acad, d, sc.-, Paris, 1877, t. lxxxv, p. 107. 

® Arch./, Muiichen u. Luipzij^^ 1887, 13d. vi, S. 412. 
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erysipelas exerts an antagonistic iiillueiiee against the anthrax 
bacillus. He succeeded in immunising and even in curing rabbits 
inoculated with anthrax, by submitting them to tlie actioti of this 
streptococcus. 

These cxperinients served as the starting-point for several works 
on the vaccination of «animals against anthrax by means of various 
micro-organisms, as ’well as by their products, rawlowsky^, Watson- 
Cheyne‘“, and Houchard*' have i)rove(l that bacteria not very ])atho- 
genic and even saprophytes, such as the Coeco-baetllua prodiyiosm, 
Friedliinder s bacillus, and the Bacillm were also capable 

of preventing infection by the anthrax bacillus. FreudenreiclF 
showed tliat not only did the bacillus of blue pus exert an antago 
nistic action but that the same effect could be obtained with sterilised 
cultures of this organism. Woodhead and Cartwright >Vood'^ studied 
the vaccinating action of these products on rabbits inoculated with 
virulent anthrax bacilli. The animals resisted completely or survived 
for some time. Analysing tlie t)henomena produced under such con- 
ditions, these two authors came to the conclusion that the action of 
sterilised cultures of is ^Mndirect and as taking 

place eitlier by opposing itself to tlie action of tlie poison uiion the 
tissues, or by stimulating certain tissues and increasing their func- 
tional activity. With the object of obtaining an exact interpretation 
of this antagonistic influence I suggested to ]\I. Iflagovestchcnsky^* 
tliat he shoidd investigate in detail the jihenomena which take place 
in tlie organism of rabbits inoculated witli the anthrax bacillus and 
submitted to tlie action of sterilised cidtures of the Ikicll/m pyo- 
cyaMeits, At the very outset this observer was met by the fact that 
these cultures act directly upon the vitality of the antlirax bacillus. 
Thus the association of the former with tlie anthrax bacillus h( vitro 
was suflicient to interfere with the development of the latter. Under 
these conditions he had to renounce the investigation of the pari; 
idayed by the cellular eieineuts oflthe rabbit in the antagonism of the 
two bacteria. 

Friedraiuler s bacillus has been found to be much more suitable 
for this line of research as is showai by Avork carried out by Freilierr 

^ Virc/ioids Archiv^ flerlin, ISvST, Ikl. cviii, S. 401. 

“ London Medical Record ^ 1S87- 
Compt. rend. Acad. d. ac., Faris, ISSO, t, cvirr, p. 713. 

^ Ann, d. Mierog?',, Paris, 1880, p. 465. 

’ Compt rend, Acad, d, sc,y Paris, 1889, t. cix, p. 08 >. 

Ann, dc I’ Inst Fastmr, Paris, 1890, t. iv, i>. GS9. 
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von Diuigcrn^ in my laboratory. Tins observer convinced himself 
that “anthrax bacilli are weakened neither by the encapsuled bacilli 
nor by tlie substances which they contain.” These micro-organisms 
do not interfere in the slightest with the anthrax bacilli either outside 
or within the animal, and “ when the anthrax infection does not be- 
come generalised it is due to the fact that tlje anthrax bacilli are 
ingested by the phagocytes at the seat of inoculation and destroyed 
within these cells ” (p. IJJd). 

In this af'tion of foreign micro-organisms upon micro-organisms 
against which we wisli to protect the animal we have to deal with 
something analogous to tlie condition we obtain when immunising 
Avitli normal serums or with any other kind of fluid. In Itoth cases 
immunity is rapidly established, but it is very transient and is con- 
fined to a stimulation of the phagocytic resistance. Direct action 
may also intervene, as in the case of Ikmllus pjfocj/cmcH.% but it is 
not indispensable. The animal whose phagocytes are in a condition 
of superactivity can do Avithout this direct action, its own resources 
being suHicient to ari'cst antlirax. 

Folhiwing the same lines of investigation as those on the an- 
tagonism between the anthrax l)acillns and several other micro- 
organisms, Jvlein^ has demoiistratcil that, in order to prevent a 
guinea-pig from contractirig experimental cholera ])eritonitis, it is 
only necessary to inject into it, the day before infection, a culture of 
Finkler ami Filor’s vibrio or of certain other bacteria. These ex- 
periments by Ivlein served as the i)oint of dcpai ture for IssaefFs work 
which led to the discovery of the stinndating influence of all kinds of 
fluids injected into the peritoneal cavity of guinea-pigs. 

In this transient inununity obtained with products foreign to the 
micro-organism against which one is vaccinating, the most constant 
and conseijuently most im])oi tant part is again ])taycd Ivy the phago- 
cytes. jjut there is associated with it an influence, greater or less in 
degree, of substances ju’csent in the serums, such us the microcytases 
and fixatives, whicli are able to e.xercise a direct action on the patho- 
genic micro-organisms. In all cases known and .analysed up to the 
])rcsent, the intervention of the living organism of the animal is 
indispensable, consequently this form of acfiuired immunity against 
micro-organisms cannot be regcuxled as being really passive. 

1 Ztschr.f. Ilyg., Leipzig, ISOt, I3d. xviii, S. 177. 

“ Ccntralbl.f. Bakteriol. u. ParasUenk, Jena, 189.3, Bd. xni, S. 426. 
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NATURAL LMiMUNITY AGAINST TOXINS 

Examples of luiturAl inimiiuity against toxins. — Iimniinity of spiilers and scorjiions 
against tetanus toxin. — Iininunity of the scorpion against its own poison. — 
Antivenomoas property of the blood of the scorpion. — Ininuinity against tetanus 
toxin in tlio larvae ol* Oryctes and in the cricket. — Innnunity and siiscoyitibiiity 
of frogs against this toxin.— Natural inmuiiiity of rejitiles against tetanus 
toxin. — Aiititctanic property of the blooil of alligators. — Tmnmnity of snakes 
against snake venom. — Immnnity of the fowl against tetanu.s toxin. — linmnnity 
of the hedgehog against poi,son.s and venoms. — Iminiinity of the rat against 
diphtheria toxin. 

As ill tliis book wc lire dealing siiecially with the iininunity against 
infective diseases, the question of the resistance of tlic animal to 
poisons interests us only in so far as it is related to immunity against 
micro-organisms. Consequently the reader must not expect a treatise 
oil intoxications properly so called nor one on immunity against all 
kinds of poisons. To perform such a task wc sliould have to far 
overstep the bounds of the subject tliat we have chosen and enter 
upon an examination of questions which are beyond our sphere. Our 
chief aim is to present to the reader a summary of our [iresent 
knowledge on immunity against microbial toxins and to estalilish 
the relations between this kind of immunity and immunity against 
infective micro-organisms. In order to do tliis, liowever, avc shall 
have now and again to go beyond the limits of our i)rograinme and 
discuss certain problems bearing on tlie resistance of the animal 
organism against poisons not of microbial origin. 

The immunity against toxins, like that against the micro-organisms 
themselves, may bo eitlier natural or acquired. As many jiojsnhs 
have been known from time immemorial, we arc able to culicct 
numerous observations on the resistance of tiie animal oigamsm to 
such substances made when tlicre was no idea of immunity against 
infective diseases. The etiology of intoxications is often much more 
evident and simple than is that of infections ; this is one of the [3i2] 
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reasons that the older conceptions on the subject of imnuinitj' against 
poisons Avere more advanced than Avere those on immunity against 
infective diseases. 

Several examples of natural imnmnity in the loAver animals have 
already been cited. Thus, Ave haAC seen in preAions chapters that the 
Infusoria are resistant to poisons that exert a ^)OAA'erful action on a 
large number of the higlier animals, such as the tetanus and diph- 
theria toxins and especially the iclithyotoxin of eel’s scrum. We 
JiaA'e mentioned the case of the larva of On/efes nasirorriis which is 
unaffected by large doses of tlie toxins of certain bacteria and Avhich 
at the ssiine time is very subject to fatal infections by very small 
(loses of the bacteria that form the poisons. These larvae, like 
those of tlie cockchafer, are, hoAvever, fairly susceptible to the ))oison 
of the scor]»i(An. Several other species of Arthropo<la, Avhich 
have been studied from the point of view of immunity against 
toxins, have exhibited analogous features. Thus s])i(lers and scor- 
pions are refractory to tetanus toxin. In one experiment I injected 
into tlie abdominal cavity of a My<ialc fi-om the Congo (AAdiich 
Avcighed 7 grm. 5) 1 e.c. of tetanus toxin on tAVo several occasions. 
This dose is sufficient to kill, with the symptoms of tetanus, 1000 mice 
of double the Aveight. The spider, kept in the incubator at SQ^C., 
remained (piite Avell during the tAVO montlis that the exjieriment 
lasted. It exliibited no symptom, not even transient, of muscular 
stiifeniug, nor any change in its habits and natural functions. The 
tetanus toxin disappeared from the blood of the Mygale, but this 
blood at no time shoAved the slightest antitoxic power against this 
poison. This example of natural immunity cannot, therefore, be 
ascribed to any antitoxic property of the fluids and must be regarded 
as a ease of immunity of tlie tissues — Aani Behring’s histogenic im- 
munity. In the present imperfect state of our knowledge it is 
impossible to describe precisely the incchanism of this immunity. 
When we say that the spider is 'refractory to the tetanus toxin 
because its susceptible elements have no receptors capable of seizing 
the liaptophoi e group of this poison, Ave simply give expression to a 
hypothesis Avhich Ave are not in a position to verify by experiment. 

The scorpion, a wcll-knoAvn representative of the Ai’aclinida Avith 
[.343] segmented abdomen, sliares AAlth the Mygnle in the immunity against 
tetanus toxin. The Algerian and Tunisian scorpions {Scorpio n/cr and 
A ndroctonus occitanm) withstand the action of doses of this poison 
which are fatal for 1000 mice and more. Taking AA’elght as our 
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stiindard we may inject into tliem, with impunity, more tluiu oOOO 
times as much toxin as into mice, without setting uj) a single morbid 
symptom. Scorpions, like the Mygaley live well in the incubator at 
Avliere they are kept whilst submitted to the action of the 
tctiiiius poison. Here again w^e liave to do with a ease of histogeuic 
immunity. The fluids of the scorpion exert no antitoxic aciioiu 
Wlien blood from the* normal scorpion is mixed with various doses of 
tetanus toxin and inject(‘d into mice these animals contract tetanus 
and die just as do the control animals. In certain exceptional cases 
some slight retardation was obsei^ved, but the blood of tlie scorpion 
is, in most cases, incapable of preventing tetanus in animals sus- 
ceptible to this disease. 

Scor[)ious, injected Avith tetanus toxin, do not retain it in their 
blood for long. A fcAV days after the injection of the tetanus poison 
such blood, when injected subcutaneously into mice, excites no trace 
of tetanus. Tlie preparation of extracts of the different organs of 
scorpions treated Avitli tetanus toxin demonstrates that tlie liver and 
tlie liver only absorlis the poison. It is found there a few days after 
the injection of the toxin and it remains there unalteriul for some 
considerable time. The exudation of the liver of scorpions, killed a 
month or more after the introduction of the toxin into the general 
cavity, injected into mice sets up a typical and fatal tetanus. 

The presence of the tetanus toxin in the organism of seorjiions 
does not give rise to the production of antitoxin. At any rate a 
Avhole series of experiments on this point carried out by us never 
gave a positive result. The scorpions I’esisted reiieated doses of the 
tetaiuis toxin and lived without any difficulty at MG' C., liut tlicir 
lilood Avas neAu;r at any period cajiable of jireventing mice from 
coutractiiig latal tetanus. XcA^ertheless the scoi-pion may possess 
antitoxic poAver. 

Everyone lias heard of the supiiosed suicide of tlie scorjiiou. We 
are told that Avlien this animal fmd3 itself under comlitious in Avhicli its 
death is inevitable, it stings itself Avitli the end of its tail and dies 
from the effect of its own poison. A simple method of reproducing 
this experiment is actually described: — Surround the scorpion Avitli it. 
circle of fire, 'f he animal rushes in all directions to find a Avay out, 
and finding none, deliberately commits suicide. Bourne^ at Ahniras 
carefully investigated this (|ucstion in a large species of Jndiau 


^ Proc. Roy, Sac, London, ISS7, Vol. xlii, p. 17. 
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scorpion and. demonstrated the absolute erroneou.sness of the story 
of suicide which, liad it been true, would have aftbrded a unique 
example of voluntary death in animals. On carrying out the classic 
experiment he observed that nithin this ring of lire the scorpion 
is subjected to a very high teiuperature. When the temperature 
reaches 40 '’ C. the scorpion begins to grow weak and as tlic tempera- 
ture approaches 50'’ 0. it jtasses into a comatose condition. Moreover 
Bourne showed that the scorpion’s poison, which is fabd for large 
spiders, insect.s, and vertebrates, Mas innocuous for individuals of the 
sj)ccies furnishing it. 

I can confirm all the statements of this English observer. 
When T >vas studying the embryology «>f tiic scorpion I repeatedly 
tiicd the exjicriment but the animal never committed suicide. 
E’urther, I repeatedly Jissur-ed myself of tlie inuociiousness of the 
scorpion’s poison wlicn injected into individuals of the same species, 
and 1 was able to demonstrate most conclusively that the blood of the 
scorjnon is endoAved with undoubted antitoxic power. The addition 
of O'l c.c. of this blood to a dose of poison which kills mice in half- 
an-honr is sufficient to enable a mouse injected with the mixture to 
resist it completely. This antitoxic power is the same in the Scorpio 
a/er and in the Algerian AndroctoHiis. An emulsion of the liver of 
the scorpion, however, is absolutely incaj)able of preventing fatal 
intoxication of mice. 

Tliis case of antitoxic action is the only one I have been able to 
demonstrate in an invertebrate. Must ue regard it as a case of 
natund innate antivenomous power or as something acquii’cd during 
the life of the animal? It is not easy to settle this question by 
exiieriment We can certainly procure new' born scorjiions and rear 
them for some time, but the quantity of blood that can be got from 
them is insufficient for injection for protective purposes. Scorpions 
do not love one anotlier and mIicu kept together we often find them 
engaged in fierce and mortal combat, the stronger killing the weaker 
and sucking their blood. It is therefore possible that, in some stage 
of their life, the scorpions find means of vaccinating themselves 
against their own poison either through tlic intestine or as tlie result 
] of punctures caused liy the iioint of the tail. It Avoidd be very 
interesting to study this question under favourable conditions, because 
it is capable of thron ing light on the problem of the origin of anti- 
toxins, from a general point of view'. Whichever view be taken, the 
acijuisition of any antitoxic property by the blood in the Invertebrata 
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must take place slowly and with great difficulty as is shown by our 
want of success with tetanus toxin. 

Insects are, as a rule, very tolerant of this latter poison. As, 
however, the tetanus toxin (we shall illustrate this latei*) only acts 
well and in small doses at a high tempemture (about C.) and as 
most insects do not ^readily adapt themselves to this temperature, 
it was necessary to choose s]>ecies capable of living at these high 
temperatures and for tliis line of study the larva of Oryctes is most 
suited. It flourishes well at a temi)eratnre of and under 

these conditions exhibits a much greater resistance to infection by 
Isaria than at Jover temperatures. It can l)e kept in the incubator 
for months if placed in glass jars filled with earth mixed witli tanner's 
bark. The injection of enormous (juantities of very active tetanus 
toxin directly into the Idood has not the slightest effect on these 
larvae. Wliilst, however, the blood fluid of the Araehnida rapidly 
gets rid of tlie poison, that of Orydes retains it for a very long period. 
If a small quantity of blood be taken from larvae several months 
after injection and tlien injected into mice, these animals contract 
typical tetanus and quickly succumb. 

The toxin, however, finally disaiipears from the blood though a 
certain portion of it may still be found in the pericardial cells and 
especially in tlie fat-bodics. 

Never, under any circumstances, was I able to observe that the 
blood of the larvae of Oryctes exerted any antitoxic action. At the 
stage when tliis fluid no longer gives tetanus to mice, it is absolutely 
incapable of preventing intoxication when mixed, before injection, 
with tetanus toxin. 

Amongst adult insects the cricket is best adajited for researches 
on tetanus. The field cricket will l)ear a tenqierature even higher 
than 30 C. It is conij)letely resistant to injections of tetanus toxin, 
but it showed no more ca])acity tlian did the larvae of Oryetes or the 
Araehnida of i)roducing any tetanus antitoxin. 

All the Invertebrata that I have been able to study have exliibited 
a remarkable resistance against the known bacterial toxins, but the i 
mechanism of this natural immunity could not be exactly made mO 
owing to the difficulty met with in investigating the toxins in the 
organs and following tlieir modifications. The idea of making use of 
these lower animals for the purpose of solving the problem of the 
origin of antitoxins is not realisable, from the fact that fiic Jnverte- 
bvata that liave been studied have never, in my expcrici»co, produced 
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any of these substances as the result of injections, Avhether single or 
repeated, of toxins. 

The natural iuiumnity of the Invertebrata against bacterial toxins 
cannot thei’efore be regarded as an example of humoral immunity. 
It must be placed in tlie category of histogenic immunity, although 
we are not in a position to define accurately tlje part played by tlie 
cellular elements in the defence of tlie animal against these poisons. 
We must, therefore, go higher up in the animal scale if we are to 
solve the principal questions in regard to antitoxic immunity. 

Tlie lowest Yertebrata, the fishes, are not well-suited for this hind 
of research. The best known bacterial toxins act specially on warm- 
blooded animals and require the co-operation of high temperatures. 
Fishes do not live well in captivity excci>t at relatively low temiiera- 
turcs and soon die if iilaced in an incubator kept at SO” C. or 
higher. It is necessary, therefore, to have recourse to the Amphibia, 
which are much more easily acclimatised to these temiieraturt'S. The 
Axolotl, coming trom IMcxico, is naturally capalilc of withstanding great 
heat. These animals will live lor long at a temiicratuio of tlo"’ — d7° (■. 
They jiossess the drawback, however, of being very susceptible to the 
tetanus toxin, very small doses of it being fatal. The green frog 
{Rana esculrnta) is the most suitaldc for our i)urpose. It readily 
adapts itself to optimum temperatures (30'' — 30" C.) and exhibits at 
least a certain dcgi’ee of immunity ag!unst various bacterial toxins. 
We have stated in a piocediug chapter that the green bog is un- 
afl’ceted 1)y considerable quantities of diphtheria toxin. It is 
resistant also to tetanus toxin, but this natural immunity a})pears to 
be connected with special conditions. th)urniout and DoyoiF were 
L-M7] the first to draw' attention to the fiict that beyond — 2,)" C. green 

frogs may contract tetanus. Refractory in winter they become sus- 
cei>tiblc in summer. 1'hese observers afterwards found that of frogs 
inocidated witii the same dose of toxin and divided into two sets, one 
set kept at a tcm])erature of about* 10° C. remained quite well whilst 
the other set subjected to one of 30" — 39" C. contracted tetanus after 
five dfiys’ incubation. This experiment has been confirmed by several 
observers, and indicates that the tetanus poison demands, for the 
nmuifestatiou of its toxic action, a favourable and fairly high tempera- 
ture. This result must, however, be accci)ted rvith .some re.serve. 
Undoubtedly the doses of tetanus toxin which induce fatal tetanus in 

I OjtHfd. rend, iiec.de biol., Paris, 1S93, i)p. 2!)4, G18; 1898, p. 344. “Le tetanos,” 
Paris, 1899, p. 25. 
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frogi^ kept at a high temperature are innocuous when these animals 
are living at low temperatures. But we can, by increasing tlie <lose, 
j^rocluce tetanus in frogs even when the teinj>erature is not very high. 

Thus Marie ^ was al)le, during tJie Avhole of the winter, to ieianist^ 
both green and brown frogs living in water the temperature of which 
oscillated between 13° and 18° C. The incubation i)eriod in this case 
is very much longer (sometimes extending to 25 days) than in frogs 
kept at liigher temperatures. 

Temperature, therefore, is an impoi’tant factor in the i)oisoning by 
the tetanus toxin and in the resistance of the frog, but, in the long 
run, tl)is poison can exert its specific action even at relatively low 
temperatures. 

Morgen roth- endeavoured to analyse tlie mechanism of this re- 
sistance and of the susceptibility of the green frog wlicn maintained 
at various temperatures. lie demonstrated that tlic tetanus toxin is 
lixed in the central nervous system, even at low temjieratures, near 
o' C. ; under these conditions, however, it is incapable of causing tlie 
slightest tetanic symptom. Wlien placed in an incubator kept at 
32 ■ 0. the frogs contract tetanus after a period of iiicul)atiou of some 
(2 to 3) days. Buring the first 21 hours of tin’s period the frogs 
manifest no sign of tetanus, and if they are again put in a cool 
place they continue in good health. If, however, after a not too pro- 
longed stay in tlie cold, these animals are subjected a second time to [348] 
the higlier temperature, they become tetauic, after a shortened 
incubation jieriod. Cold, therefore, may arrest tetanus even at a stage 
when the toxin has already produced certain latent but permaiieiit 
modifieatioiis of the nervous system. 

Frogs injected with tetanus toxin and kept in a cold place finally 
get rid of the poison. When transferred to a warm chamber after 
a certain lapse of time they no longer conti*act tetanus. We have 
found that the greater part of the tetanus toxin continues for some 
time in tlie blood of frogs injected and kept at a low temperature. A 
small quantity of this blood withdrawn almost two months after tlie 
last injection produced fatrd tetanus in a mouse. AVe ^lo not kmnv 
how frogs eliminate the toxin, but it has been demonstrated that in 
this case it causes no production of antitoxin. Morgeiii’oth lias con- 
firmed this result. 

Reptiles must be regarded as vertebrates exhibiting a most 

i ylnn, de Vlnst Pasteur^ Paris, 1897, t xi, p. 5.97. 

* Arch internaU de Pharmacodyn,^ Gand et Paris, 1900, Yol. vn, 205, 
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l)roMOuncc(i natural iinnninity against tetanus. Tliey show an un- 
liniitetl resistance to enoianous doses of tetanus poison, and this at 
low, medium, or high temperatures (dO"* — 3/"^ C.). Green lizards with- 
stand considerable doses of tetanus toxin. Although they do not 
contract tetanus, they get rid of the poison exceedingly slowly. Thus, 
a lizard kept at a tem]>eratiire of 20'" ( ■., and injected witli an amount 
of toxin suflicient to kill 500 mice, at the end of two months still 
retains in its blood sucl) an amount of the poison that one-tenth of a 
c.c. will cause fatal tetanus in a mouse. Turtles present an analogous 
case. The marsh turtle, Einj/s orhkidariSy tolerates very large 
amounts of tetanus toxin, injected subcutaneously, and this at both 
low and high temjieratures, at 30° C. and beyond (30° — 37'" C.). Tlie 
toxin passes quickly into the blood and remains localised there for a 
v(‘ry long time. In a turtle kei)t in an aquarium at the laboratory 
the blood was tetanigenic for the mouse even four niontlis after an 
intra-peritoneal injection of the toxin. In another turtle Miiich lived 
at incubator temi>ei*atui‘e (30° — d?"* C.j, the blood was still toxic two 
months after a subcutaneous injection of tetanus toxin in quantity 
fatal for 500 mice. In turtles kept at 30° 0, I observed abundant 
transudations into the i)eritoneal cavity, and the fluid, very poor iu 
[34.9] formed elements, was found to be very tetanigenic. It must be 
accepted, therefore, that the toxin is retained in the blood plasma 
with Avhich it passes into the transudation, klvery kind of cell must 
cxhil)it a very marked negative chemiotaxis against tetanus toxin for 
this poison to be retained so long in the body fluids. Under these 
conditions it is not suri)rising that in turtles I was never able to 
observe the slightest antitoxic powxa* in the blood. Their great 
natural immunity must be due to some other factor. 

The alligator {AlHijafor mlmHtiq)}ncmis} has also been found to 
be quite reiractory to tetanus both at lo>v and at high temperatures. 
Outwardly alligators behave exactly as do turtles, that is to say, after 
the injection of various and sometiiAes very large doses of toxin they 
exhibit no morbid symptom either general or tetanic. But the pai'- 
ticular changes Avhich occur iu their organism difler essentially from 
those met with in the turtle. The toxin is rapidly eliminated from 
the blood of tlic alligator, even when it is kcj^t at a relatively low 
temperature (20° C.). Under these conditions of temperature, how- 
ever, the blood does not become antitoxic although it has lost its 
tetanigenic property. When, however, the alligators are kept at a 
higher temperature (32° — C.), antitoxic power is developed in 
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their blood, often with very great rapidity. Quite young alligatorfc:> 
(weighing about 500 grammes) are capable of producing antitoxin, 
thougli somcnvhat slowly. A nmnth after the first injection of the 
tetanu^s toxin their blood is incapable of causing tetanus in iuic(\ but 
is not yet antitoxic. A montli later, however, it never fails to ])ivv<‘nt 
an attack of tetanus when mixed with fatal doses of the toxin and 
injected into mice. 

Ohler alligators develoi) antitoxic power much more rapidly, and 
on several occasions we luivc found, to our great astonisluncnt, that, 
as early as 24 liours after injection of the toxin, their blood was 
distinctly aiititotanic. The blood of the same alligators, tested before 
tlie injection of the toxin, like the blood of normal alligators 
generally, exhibited no antitoxic property. 

In several experiments we took tlie rectal temperature of our 
animals and were Jiever able to observe the slightest rise corrcsp.ond* 
ing to the temperature of the water in wliich the alligators lived. 

It cannot be doubted tlicn, that, in spite of the facility with which [aoO] 
these reptiles produce tetaims antitoxin, tlieir immunity docs not 
depend on this antitoxic property. Thus, young rdligators Mhich 
have resisted a single dose of toxin sulfieient to kill GOOD mice must 
owe their immunity to some other cause than tlie antitoxic jiower of 
the body fluids, for their blood does not begin to exhibit this 
property until two moiitlis after injeetion. 

These same re[)tilcs are also very refractoi\y against cholera toxin, 
even in large doses ; they react to the injection by the development 
of the corresponding antitoxin. On the other hand they are very 
susceptible to diplitheria toxin, small quantities of whicli are quite 
sufficient to bring about a fatal intoxication. 

>Snakes, like other reptiles, are refractory against tetanus toxin. 

In the study of tlieir natural immunity, however, we are confronted 
by the difficulty that their blood is naturally toxic for laboratory 
animals. Tins toxin, analogous to* the ichthyotoxiii of eel’s serum, has 
l)een compared with snake venom against wliich the snakes them- 
selves enjoy a very marked immunity. 

jSTot venomous snakes only exhibit immunity against their own 
lioison. Long ago Fontana^ observed that uon-venomous snakes 
resist the bite of the viper and even subciitamHiiis inoculation of' 
its venom, Ifiiisalix and BertraiuP confirmed these observations 

^ ^‘Traite snr Jo venin de la vipere,” Florence, 1781. 

^ Arch, de physiol, norm, et ptath,^ Faria, A mice xxvr, ISO I, 423. 
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and were able to show that a uoii-vcnomous snake {Tropidono- 
tiis) will withstand a dose of venom capable of killing from 15 to 
20 gninea-pigs. Seeking for the cause of this natural immunity, 
these observers came to the conclusion that it is due to the 
presence in the blood of toxic substances analogous to those of the 
venom of the viper. These same substances sre found also in the 
labial glands of the upper jaw of the Tropidomtm and can from 
thence, according to the view of Phisalix and Bertiand, pass into the 
blood as an internal secretion, Calmette’ lias shown that the blootl 
of snakes, injected in a non-toxic dose, vaccinates certain mammals 
against snake venom, and Phisalix and Bertrand have even obtained 
an antitoxic etrect by injecting a mixture of snake’s blood, heated to 
hif C., with lethal doses of venom. ’J’liere is, then, in this exam])Ie 
I] something analogous to what we have described in scorpions, with 
this ditference, however, that the blood of these Arachnids is already 
antitoxic, to a certain degi-ee, whilst that of snakes only becomes 
so after it has been modified by heat. 

The classic example of immunity against a bacterial toxin 
amongst Birds is that of the fowl, which is highly refractory against 
the tetanus toxin. In the very earliest researelies on tins jioisou 
injections were made into vertebrates of very dilfeicnt kinds, and a 
veiy striking feature was the facility with which fowls resist very 
large cpiantities of tetanus toxin. However, as is almost always the 
case, this immunity has been found not to be absolute. By means of 
enormous doses, injected subcutaneously or into the muscular tissue, 
tetanus of the most typical kind, ending in death, has been induced in 
fowls, and in fowls weakened by cold, tetanic intoxication, even with 
smaller doses, has been set up. By iiijeetiug the toxin directly into 
tlie brain, according to Boux and BorreT.s method, the fowl may be 
still more easily tetanised. Tims, von Behring- observed that by 
injecting one niilligramitie of the toxin into the brain of a fowl, 
weighing oue kilo, tetanus may ififallibly be i)roduced. 

A fter tlie brilliant and fruitful discovery of the antitoxic property 
of the blood, made by von Behring in collaboration with Kitasato, 
we Avere justified in concluding that immunity against toxins and, 
amongst others, natural immunity, might depend on the power of the 
body fluids to uentralise the toxii\s. This hypothesis has been formu- 
lated at A'ai'ions times, but it was fi)r the first time subjected to 

J “ Lo veniii des serpents,’ Paris, 18 . 96 , p. 40 . 

^ “ Allgemeine Therapie dor Iiitectioiiskntiikheitou,” Berlin u. Wien, 1899 , S. 992 . 
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(ixperiinental control by Vaillard^ and specially in connection with 
tetanus in the foAvl. The blood or blood serum of these l)ird,s, when 
mixed in varying doses, small, medium, and large, with tetanus toxin, 
was never found to be capable of preventing susceptible animals 
(mice, guinea-pigs, rabbits) from contracting tetanus ; these animals 
so treated behaved just as did the controls inoculated witli toxin 
only. 

The great resistance of the fowl against tetanus. — one of the most 
typical examples of natural immunity against a microbial poison,— 
cannot, tlierefore, be explained by the presence in the body fluids of 
an antitoxin capable of nmitralising and rendering innocuous the [352] 
tetanus toxin. On the other hand, wc are not justified in attributing 
it simply to tlie absence of corres[)onding receptors in the sensitivi! 
nerve cells. Since the fowl readily contracts tetanus when the toxin 
is injected directly into the brain or when the fowl is weakened by 
cold, it is evident that the sensitive elements never fail to absorb and 
fix any poison that is ])reseuted to them. In ordinary eases, liowever, 
Avhen the fowl exhibits its rcmaikable resisting ])ower against tlie 
toxin injected in very large quantity, subcutaneously, into the muscles 
or into the peritoneal cavity, the ]M)ison does not reach the sensitive 
cells, being arrested and rendered innocuous whilst circulating in the 
tissues of the organism. 

Von Behring- is of o])inion that in examjAles of natural immunity, 
such as the one just examined, the princijtal cause of the refrac- 
tory condition depends upon the impermeability to the toxin of the 
capillary Avail of tlie vessels. It is, hoAvever, dillicult to maintain this 
thesis in regard to tetanus in the foAvl, Avhen it is remembered Iioav 
leadily tetanus toxin passes through filters and membranes, and 
esitecially in vicAv of the fact that W'eakening of the foAvl by means of 
cold renders it susceptible to doses of toxin Avhich are tolerated 
Avithout inconvenience by normal fowls. 

We are, therefore, compelled to place the natural immunity of the 
foAvl against tetanus toxin in the category of cell immunities. This 
toxin, as we haA'e said, must be arrested en rmte before it reaches tiie 
cells of the nerve centres. But Avhere and how does this bcncliccnt 
arrest take place? Ten years ago Vaillard demonstrated that tiie 

^ Compl. rend. Soc. de Mol., Paris, 1891, p. 462; A7in. de I'lnut. Pasteur, I’mis, 

1892, t. vr, p. 229. 

- Article: Infectiomschufz und Immunitdtm EMlcnbHrg’.s ‘'Iical-eiicvclojiuilie 

d. ges. Hfilkunde” (Encj'clop. Jalirbiicher), Wien, 1900, Bd. IX, S. 20.J. 
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blood of fowls tliat have received an injection of tetaiins toxin causes 
typical tetanus in susceptible animals. 'J’iiis tetauigeuie property of 
the blood persists for a certain number of days. When it is measured 
by the quantitative method, it is found that all or almost all tiie 
tetanus toxin injected into the peritoneal cavity of the fowl passes 
into the blood and remains there intact for a variable number of days. 
From a morphological point of view the blood, immediately after the 
injection of the toxin, exhibits a hyperleucocytosis of greater or less 
duration. 

W’lien the fowls are killed at tlie stage when their blood becomes 
tetanigcnic (as the result of the injection of the toxin into the peri- 
[353] toneal cavity), it can be demonstrated tliat tlieir viscera arc not 
capable of jirodueing tetanus in susceptible animals except in so far 
as tliey contain blood. It is only the vascidar organs, rich in blood, 
such as the si>lecn, liver, kidneys, tliyroid gland and bone-marrow, 
that impart tetanus and then only in so far as they liave not been 
freed i'rom blood. Of the various organs only the genital glands, 
ovaries or testes, absorb a certain amount of the injected toxin. Very 
young testes or the smallest ovarian ova containing as yet no trace of 
yellow yolk, when injected into mice, produce a fatal tetanus. 

In fowls, insusce])tible to tetanus toxin, this toxin is found, 
then, in the sexual glands and in the blood. When, in ord(.‘r 
to ascertain the exact localisation of this toxin, we measure the 
tetanigcnic ]) 0 wcr of the whole blood as com])ared with that of the 
asi'ptic exudations induced by the injection of gluten-casein, and 
necessarily much richer in leucocytes, Ave get the result that the ex- 
udations contain more tetanus toxin than does the blood. We aie 
led, therefore, to the conclusion that this poison is absorbed, at lesist 
in jAart, by the leucocytes, and it is in tliese elenumts and in the 
genital cells that avc must look for the factors which arrest the toxin 
and prevent its reaching the nerve centres. 

Cellular or histogenic immunity's often contrasted with chemical 
immunity Avithout taking into consideration the real analogies and 
difterenccs to be found between fliera. It is evident that in both 
groups the organism of the animal modifies the introduced toxins and 
that this modification is a chemical process. In cellular immunity, 
however, this act is preceded by certain biological phenomena, such 
as the reaction of the formed elements and the absorption of the 
noxious substance. Immunity in these cases is more complex than in 
the example where the" toxin is neutralised by a direct action of the 
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body but iiltiniatcly it alvrays resolves itself into a clieniical or 

perliaps physico-chemical action of tlie su1)stanccs of tlie ori^aiiism of 
the animal on the toxic substances of tlie poisons. 

In Mammals examples of natural imniunity apcainst certain 
poisons arc not rare. Almost a century ago Oken made tlie oi>>er~ 
vation that a personywho tried to ])oison a hedgeliog with opium, 
hydrocyanic acid, arsenic or mercury bichloride usually failed in his 
attempts because of the great resisting power of this animal. Ilarnaclc 
demonstrated that the hedgehog will witlistand a dose of ]iotassium 
cyanide six times as great as that necessary to kill a eat in a few [ 
minutes (0*01 g^^’in.). In Lewin’s^ experiments the hedgehog was 
found to resist the injection of powdered cantharides in a (piantity 
seven times as great as that whicli infallibly kills a dog and greater 
also than the lethal dose for man. The same observer also confirms 
the observation that a much larger dose of alcohol must be used in 
onlor to intoxicate a hedgehog than is recpiired to obtaiii the same elfoct 
in the rablut or oven in the dog. Horvatir fed hedgehogs for a fairly 
long ])eriod with living cantharides. 'These Insectivora, devour their 
venomons prey without showing any sign of illness except a certain 
degree of emaciation. Wlteii Lewiu tried to ascertain the cause of 
this natural immunity of tlie hedgehog lie examined the bloo<l of 
this animal for a substance antitoxic to cantharidine. llis exjieri- 
ments were all negative ; it is ditlicult to come to any definite 
conclusion in this matter from the fact tliat tlie blood and blood 
serum of the normal hedgehog are toxic for the simill laboratory 
animals. A similar objection had already been brought forward by 
Pliisaiix and Bertrand in eonnectiou with their experirneiits, analogous 
to those of Lewin, oil the imniunity of the hedgehog against the 
venom of the viper. 

It lias long been known that hedgehogs have a liking for certain 
rcjitiles and Avage an implacable war on snakes in general and on the 
viper in particular, lu its attack the hedgehog tries to avoid being 
bitten, but when, as often happens, it fails to evade a bite tla? 
inoculation of the A’iper’s venom a|)pears to be well borne, 'this 
observation has been coiilirnicd experimentally. IMiisalix aiui 
Bertrand^ liave shoAvn tliat the resistance of the hedgehog to the 

‘ DevtarJw tned. JVchyischr., Leipzig, 189S, B. 373. 

“ Vrach, St Petersburg, 1897, P- 90 C 

^ Oompt, rend, jSoc, de biol., Paris, 1899, p. 77; JJuU, J/ndeftm u. hist. nnL^ P:t.ris, 
1895, t. I, p. 294. 

B. 22 
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viper’s venom is about forty times as great as that of the gninea-pig, 
that is to say the hedgehog, though far from possessing an absolute 
iininunity, nevertheless exhil)its a much greater resistance than do 
most animals. Lewin^ convinced himself of tins tact as regards 
adult hedgehogs, though young animals, according to him, are much 
[355] more susceptible. Thus, he has seen a youpg hedgehog that had 
been l)itten by a viper die after nine days’ illness. This observation 
speaks in favour of the conclusion that the immunity of tlie hedge-’ 
hog might l)e naturally acquired rather than a really natural im- 
munity. Tlie liedgeliog, hunting all kinds of small animals, might 
often be bitten by vii»ers and in this way acquke its immunity 
against the venom. Under these conditions we can readily conceive 
tliat tlie blood of this ‘'insectivoran niiglit be placed in a position 
to develoi) a six'cific antitoxic propei‘ty. 

When Tjcwin tried to satisfy himself of the existence of tliis 
pro|)erty by direct experiment he could only sliow tliat the blood 
of the hedgehog was powerless to prevent the lethal etfect of tlie 
viper's venom on small animals. But here, as in liis researches on 
cantharidine, he did not tid<c into account tlie inhei’cnt toxicity of 
the blood of the hedgeliog. Fhisalix and Bertrand-, wlio luive 
also studied tliis question, liave obtained results at vaiaance M'ith 
those of Lewin, They demonstrated first of all that the blood of 
normal hedgehogs was capable of intoxicating and even of killing 
laboratory animats sucJi as the guinea-jug. It is (juite natural, there- 
fore, tliat the mixtui’e of this fluid witli viper’s venom could not lie 
tolerated. It was, however, sufficient to heat the blood of tlie hedge- 
liog to otr (J. for it to becoivK^ not only innocuous of itself, luit even 
for it to exliibit an antitoxic action against snake venom. Thus, 
guinea-pigs wliieh liad received 8 c.c. of lieated hedgehog’s serum 
into the peritoneal cavity, were at once in a condition to resist double 
the letlial dose of viper's venom. Pliisalix and Bertrand conclude, 
therefore, that ''the natural immmuty of the hedgehog against the 
viper s venom is due to the presence in its blood of an iminunising 
substance. ' 'fhe same observers'^ satisfied tliemsclves that horse’s 
seriim and even tliat of the guinea-pig exercise an undoubted anti- 
venomous action ; yet these animals arc any tiling but insusceptible to 
snake venom. ]vIoreover, the necessity to heat the blood to 58'" 0., as a 

^ med. yVehmehr.^ Leipzig, J.SiiS, S. (;2a. 

- ( '<rntpt, rend. .Su,:. do hioL^ Paris, 181)5, {>. (j.'U). 

3 Bdll Musmm d'huL nai., Paris, 1890, t. ii, p. 100. 
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|)re]iniiiiary measure, deprives this corickision of the degree of certainty 
one would like to have in such a matter. On the other hand, the 
greater susceptibility of young hedgehogs prevents us froni putting 
the immunity of the ^ adult in the category of natural iiiununity 
proi)etiy so called. 

Analogous considprations apply in the case of the mongoose [ 350 ] 
{Ilerpe^tes idinemnon), carefully studied by Calmette^, according 
to whose researches the Antilles mongoose is not very susceptible 
to snake venom ; it readily withstands doses very large relatively 
to its size, but its immunity is not absolute. It owes much of its 
mastery iu its dights with venomous snakes to its extraordinary 
agility. The blood of the mongoose, mixed with venom, exhibits an 
undoid)tcd antitoxic power, though this is not sufficient to prevent 
the death of susceptible animals. AVe have no data to enable us to 
ox])lain the origin of this antitoxic property, but it is probalde that 
here again we liave an exam|)lc of relative immunity, acquired during 
life, (hlmettc points out, however, that liis iclmeumons came from 
iiuadeloupe, wliere no venomous snake>s arc found. We may, of 
course, suppose that the feebly antitoxic power of the blood of these 
mammals might be due to other snakes or to s|)ecies of animals 
wliose l)lo()d possesses a certain venomous property-. 

AVe Iiave far more exact data on the natural immunity of certain 
mammals against toxins of microbial origin. The example most 
thoroughly studied, one which has become, one might say, classic, is 
lliat of the rat against diplitheria toxin. Since the discovery of this 
toxin, the first Avell-studicd l)acterial poison, a discovery made by 
lioiix iu collaboration witli Yersin, it lias been recognised that mice 
and rats tolerate large quantities of diphtlieria cultures or of their 
filtered products. A rat resists a dose of tlie diphtheria poison 
ca[>ablc of killing several rabbits. To explain tliis great natural 
iimniinity it was suggested that the antitoxic property of the 
body fluids could be called in. If was supposed that the rat’s blood 
was, by its very nature, endowed with the power of neutralising the 

^ Le venia des serpents,’^ Fai is, 180^5, p. 4;i. 

“ The teui2)orary imniunity of the luanriot (amongst mammals) against tetanus 
toxin must be considered separately. According to Biliinger and Dunitz: the inannet 
is insusceptible to this poison during its winter sleep. But once it is awalo ned it 
readily contracts tetanus. IT. ]\fcycr, Halsey and Hansom have observed tlto same 
fact in hibernating bats that have been waked up. In these cases the immunity is 
dependent on the low temperature which ap})roximates these eAumples t<) tliat of the 
natural immunity of the frog against the same toxin. 
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toxin of (liplitheria. But, as in the tetanus of fowls, it was not long* 
[357] before tacts rendered tliis hypothesis untenable. Kuprianow^ studied 
this question under the direction of Loeffler and gave an account 
of the results of his cxj)erinients, wliicli proved that tlie blood of the 
sewer rat, which is very refractory against diphtheria, contains no 
substance that will neutralise the morbific action of diphtheria toxin 
on suscc])tiblc animals, especially the guinea-pig. 

It was necessary to seek some other ex|)]auation, and the idea, 
that the immunitv of the rat depends on the insusccptil)ility of its 
living cells to the di})htheria poison was seized upon. The experi- 
ments carried out by lloux and BorreP demonstrcited the incorrect- 
ness of tliis hy])othesis. The immunity of rats to su1)cutaneous or 
intra-peritoneal injection of diphtlieria toxin is very marked. But 
a A^ery small dose (OT c.c.) of this poison, introduced directly into 
the cerebral substance of the rat, produces a com])lete paralysis, which 
lasts for seATral days, and ends in the death of the animal. Roux 
and Borrel conclude from tlvis tliat tlie l)rain of the rat is specially 
sensitiA’e to the action of the diphtheria poison, and that as this 
animal does not die as the result of the injection of lai*ge quantitios 
of toxin into the subcutaneous tissue, it is because the toxin does 
not reacli the brain.'' These anthers have pointed out analogous 
facts in connection Avith other examples of natural inimnnity. The 
ral)l>it, Avhieh withstands a liypodermie injection of 80 centigrammes 
of chlorliydrate of morj)liia, is killed by 1 milligramme only of this 
salt, introduced directly into the Imiin. Here, again, neither the 
(X'llular insusceptibility nor the antitoxic property of the Idood (no 
antialkaloidaV’ poAver could ever be demonstrated} can cx]>lain the 
imnmnity, Avliich appears to l)c due rather to the factor which arrests 
the poison on its Avay to the nerve centres. 

In spite of the insiilliciency of our knoAvledgc as regards natural 
immunity against soluble poisons Ave are quite justified in affirming 
that tliis category of phenomena teomes mainly into the domain of 
the cells. The body Iluids of animals Avliich exhibit this imnuinity 
have been found to be antitoxic in a few species only (scorpion, 
snake, hedgehog, mongoose). And for the majority of these it is 
possible to invoke special causes, such as the inlcrnal secretion of 
snake and scorpion venoms by the glands Avhicli maniihictui’e them, 
or the acquisition of an antitoxic power during life resulting from 

^ CentralhLf, Balderiol. n, Parautmh.^ Jena, 1894, Bd, xvi, S. 415. 

^ A nn. de VImt, Paatmr, Paris, 1S9S, t. xu, p. 2‘25. 
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woutkIs or from tlie absorption of vcnomons food. Tlie theory of[35S] 
the insuscei)tibility of tlie cells of animals naturally refractory to 
toxins must also be rejected ; it is incompatible with well-established 
tacts. Nothing remains, then, but to a>ssume that the formed 
elements are the principal factors in this natural immunity, and that 
they interpose to prpvent the jiassage of the poisons towards the 
very susceptible nerve cells. 



[359] CHAPTER XII 

ARTIFICIAL IMMUNITY AGAIXST TOXIYS 

Adaptuticn to poisons. — Artificial immunity aj^ainst bacterial and vegetable toxins 
and against snake venom. — Frincipal methods of immunisation. — immunisation 
by toxins and toxoids. — Inoculation again.st diphtlieria toxin. — riicnomeiia 
]>roduced in the course of vaccination against toxins. — Rise of teiriperaturo. — 
jiCiicocytosis. — Dovelojimont of antitoxic power. — Properties ot antitoxins. — 
Mode ol* action of antitoxins. — Action of antitoxins in Their action in 

the organism. — Inlluencc of living elements on the combination of antitoxin 
with toxin. — Antitoxic action of non-specific scrums, of normal scrums and ot 
broth. — Immunity against toxins is not in direct ratio to the amount of anti- 
toxins ill the bodyfluid.s. — llyperscnsitiveness of an animal ti-eatcd with toxin. — 
Diminution of the susceptibility of the organism immunised again.st toxins, 
llypotlicses as to the nature imd origin of antitoxins. — Hypotliesis of the transforma- 
tion of toxins into antitoxins. — llypotbcsis of receptors detached from colls as 
the source of antitoxins. — Hypothesis of the nervous origin of tetanus antitoxin. 
— Fixation of tetanus toxin by the sub.stance of the nerve centres. — Tlio relations 
between saponin and cbolesterin. — Anti-arsenic serum. — Part jilayed by pljago- 
cytes in tlic struggle of tlie animal against poisons. — Probal>le ]»art played by 
pliugocytes in the production of antitoxins. 

Altiioxigii scientific ineii siiccceded only a little more than ten 
}ear.s ago in vaoeinating again.st poisons by artificial methods, savage 
races and ancient peojiles at a very remote period nndoubtedly pos- 
sessed methods of coiintcraeting the eifects of certain venomous 
substances. Tlie freciuent observation of cases in xvhicU doses of 
poisons, insufficient to cause deatb, brought about a more or less 
durable resistant condition, must result in the elaboration of artificial 
means of iireventing the intoxications. 

Von Behring^ points out that analogous facts must have been 
known to tlie pliysiciaiis of ancient times ; and it is in such know- 
ledge that we must look for tlie source of the dogma put forward 
by .Hippocrates, that the factor which produces a disease is also 
capable of curing it. 

^ Allgeineine Therapie der Infectionskrankheiten,'^ Berlin u. Wien, 1S99, S. 982. 
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To I^iiiiy we arc indebted for the now well-known story, tliat 
Mitliridutes of Poiitus })0ssessed tlie means of protecting himself 
against various poisons by a process of adaptation, and, amongst [3G0] 
others, by the use of the blood of Pontine ducks to which he had 
given ])oisons by the moutli. 

The adaptation of Jiorses and of the higldanders of Styria to arsenic, 
as well as that of -the many morphinoinaniacs to morphia, is lvUO^v]l 
to everylKidy. A man, hal)ituatcd to morphia, is able to consume 
daily a dose *several times the fatal one ; indeed, cases have been 
known of people ac(|uii‘ing the power of consuming two, and even 
three, grammes of morphia per diem. Man may acquire an ada]>ta- 
tion to toxic substances of the most diverse character, such as 
arsenic, alcohol, mori>hia, nicotine, etc. 

Even wlien wc liad ol)taiiied much information concerning ac( jViired 
immunity against micro-organisms avc still knew notliing of the 
mcclianism of such adaptatioii, or as to tlic ]){)ssil)ility of acquiring a 
s)>ecial immunity against bacterial ])oisons. Charrin and Gamalcia's 
(liscoA'ery that animals vaccinated against a micro-organism are just 
as susceptible to its toxic products as normal animals, led BouclririU, 
in wlioso laboratory it was made, to say that the idea of the adajrta- 
tion of cells to bacterial poisons must be dropped, lie developed 
this tliesis at the Intei'national Congress at Berlin in lh‘90, and 
formulated it as folloAvs : Wlicii wo inject a hcaltli\’ animal and 
a vaccinated one Avith the soliil)lc products of the mici’o-organism 
Avhich has been used for the vaccination, tlie <lose required to kill 
each animal is exactly the same. Let us not speak, tlien, of tlie 
training of the Icucoc^ytcs, and of tlie adaptation of tlie nerve cells 
to bacterial poisons : it is pure rhetoric.” At this time Ave had only 
just commenced to ac([iiire exact knoAvIedge concerning the toxins 
of micro-organisms. For a considerable period they Averc sought 
for amongst the ptomains, very stable substances allied to tlie 
alkaloids ; here, however, avc AA^ere A^orking in a wrong direction. It was 
not until the classic researches of Roux and Yersiii*' on diphtheria 
toxin, imblislied in 18<ju and 1889, tliat the true nature of bacleriai 
poisons was revealed. It Avas found that avc were not dealing Avith 
ptomains, but Avith soluble ferments, substances of indcterniinate 
chemical composition, allied to tlie albuminoids, and, like tliem, 

^ ^^Essai d^no tlieorie de rinfectioii/’ Eerliii, 1890; imcrobcvs pathogones, ’ 

Paris, 1892, p, 33. 

^ Ann. de VInst. Pasteur^ Paris, 1838, t. n, p. 629; 1899, t. in. p. ‘.^73. 
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[361] unstable. The metliods adopted by riOiuN; aud Yersin in their study 
of diplithej'ia toxin ouabicd other investigators to discover the analo- 
gous toxins of several other bacteria. Knud Faber ' and Brieger and 
Fr';iukel“ soon succeeded in separating tlie toxin troin the tetanus 
l)acillus, a toxin ca])ablo of producing in animals tetanic contractions 
as tyiiical as those obtained witli cultures of tliy tetanus bacillus. 

These investigations inaugurated a new era in microbiology and 
enabled us to attack the problem of acejuired immunity against 
bacterial toxins scieutiticidly. AVithin a few months of the declaration 
made by Bouchard at the Berlin Congress, there appeared, almost 
simultaneously, the earliest publications on the possibility of vaccinat- 
ing laboratory animals against the toxins of diphtheria and tetanus 
by artificial methods. Jinmediately after the discovery of tliese 
poisons, the attenqit ivas made to immunise various species of aiumals 
against them, but here very great dilliculties wore met with; the 
animals, after receiving increasing doses of toxin, became thin 
and idtimately <lied. It occurred to FriinkeC that the toxic 
action of the diphtheria poison might lie wealicned by subjecting 
it to a temperature of 60' C. Independently, von Behring and 
Kitasato* used chemical substances, especially iodine trichloi ide, to 
attenuate the action of the tetanus and diphtheria toxins. Tlie 
animals which resisted these modified poisons were found to be 
capable of tolerating gradually increasing doses of uiiidtercd and 
very active toxins. By the use of these methods it was ibund 
l»ossible to obtain a definite and lasting immunity against these 
microbial products. 

The discovery of the possibility of vaccinating against bacterial 
toxins was soon followed by tlie demonstration of the antitoxic poAver 
of the blood of animals that had acquired such artificial immunity 
against these poisons. Everyone knows of and apiireciatcs von Behring 
and Kitasato’s great discovery. It opened uj) a new and fruitful field 
of research from most diverse points of vietv. Elrrlich® was able to 

[362] apply it to the vaccination of animals against the vegetable poisons 
ricin, abrin and robin, and tlius to establish rigorous methods of im- 
munisation and to obtain very important residts concerning immunity 
against toxins in general. He also succeeded in demonstrating that 

^ Berl. kliii, Wchnschr.^ 1890, 8, 717. 

" BerL klin, IVchrmhr,^ 1890, No. 11. 

•' Berl. kiln. IVchnschr.y 1S90, No. 49, 

♦ DexiUchd rued. IVchnschr,^ Leipzig, 1890, SS. 1145, 1245. 

^ Dciitische rned. TVchnschr., Leipzi^j, 1S91, 8JS. 976, 1218. 
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animals vaccinated against tlicse vegetable poisons, which, by their 
nature, approximate to the microbial toxins, develop in their blood 
a most marked antitoxic property. 

Some years later, the discovery of antitoxins Avas extended to 
snake venoms, poisons of animal origin Avhich, like tlie vegetable 
poisons studied by Ehrlich, present a chemical composition analogous 
to that of the microbial toxins. Phisalix and Bertrand ^ and Calniette-', 
Avorking independently, discovered methods of vaccination against 
snake venom and were able to demonstrate the existence of an 
antitoxic power of the blood in immunised animals. 

The works a?)Ove briefly rcfen*ed to gave us the fundamental basis 
of our pri'sent knowledge on accpiircd immunity against toxins. 

It would bo very interesting to be able to determine whether the 
lower animals can be vaccinated against the toxic sid)stances to which 
they arc susceptible. Unfortunately in the study of this problem 
Ave encounter very great dilliculties. Making use of various methods 
I have often tried to solve it. The crayfisli is susceptible to snake 
Acnom and to the ichthyotoxin of eel’s scrum, and I have ti'ied at 
various times to vaccinate it against those poisons. The results, 
however, were so inconstant and even contradictory that I was 
unalde to draw any definite conclusion from them. 

It is, indeed, very ditlicult to vaccinate the lower vertebrata against 
poisons. Several attempts liav^e been made in my laboratory to 
immunise frogs against tetanus toxin, but without success. Calmette 
and Delcarde^ obtained the best j'esults with abrin. They succeeded 
in vaccinating frogs — which are not v^cry susceptible to this vegetable 
toxin, though they are far from presenting a real natural immunity — 
against doses which are absolutely fatal for the control animals. These 
observers, however, had to [)roceed very cautiously, and they allowed 
a very long interval between each injection of abrin. The blood of 
their vaccinated frogs not only did not prove to be antitoxic against [: 
abrin, when injected into mice, but for long retained suflicient of tliis 
toxin to poison normal mice. This experiment certainly tells against 
the hypothesis that the acquired immunity of frogs is duo to the 
development of a specific antitoxic power in their body fluids, but it 
does not settle the question definitely since it may be objecicd that 

^ Conipt. read. Soc. de oioL, Paris, 1S04, p. 111. 

Conipt. rend. Soc. de hioL, Paris, 18i)4, pj). 120, 204, [Of. also t'rasor, BrU. Med. 
Juurn.., London, 189.% Vol. i, p. 1:109 and ii, p. 41G; A^atuj’e, London, ISHO, \oLLm, 
p. 571.1 

^ .A/m. de Vlnsi. Fan tear ^ Paris, 1896, t. x, p. 683. 
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the blood, whilst toxic for mice, might, still, be antitoxic for the frog. 
The antitoxiu of this blood miglit merely be incapable of neutralising 
all tlie abrin present. Fresh investigations, then, are necessary. 

Even in the higher vertebrata, it is often very difficult to obtain 
a real vaccination against the various toxins. In the small mammals, 
whicli cxhilnt a great susceptil)ility to these poisons, it is s])ecially 
difficult to obtain an artificial immunity. As Vaillard and A'on Behring 
have demonstrated, it is possible to A’accinatc such animals by means 
of gradually increasing doses of unmodified toxins, but this method 
demands much time, is often dangerous, and hence is not very 
practical. Poisons that act through the alimentany canal arc the 
most serviceable for vaccination, as has been demonstrated by 
Ehrlich. Tliis investigator had to abandon the vaccination of mice 
by means of subcutaneous injections of ilcin on account of the slough- 
ing set up at tlie point of inoculation, lie then had recourse to 
vaccination l)y way of the mouth, which gave very good results, not 
only with ricin but also with abrin. This mode of vaccination, how- 
ever, is applicable to a small number of poisons tmly. 

We can also vaccinate mammals, CA^en laboratory rodents, sncli as 
rabbits and guinea-pigs, by means of unmodified snake venom, but 
this method is a very delicate one and must be carefully Avatched. 
It is necessary to begin Avith very small doses of v'cnom, continue 
tliem for some time, and increase the amount of venom injected very 
sloAvly. Calmette^ modified this method by inserting, beloAV tlie skin 
and leaving it there, a piece of chalk imi>regnated Avith small (piantities 
of venom and surrounded by collodion through Avhich the venom 
diffuses very slowly and continuously. 

>] Large mammals, sheep, oxen and horses, can be more easily 
vaccinated by means of unmodified toxins, but they rdso require 
to be treated Avith vciy special precaution. Salomonscn and MadsciP 
haA'e given the history of their liorse, immunised Avith di[)htheria 
toxin. Into a mare weighing GfJif kilos they Avere able to inject 
at the commencement only 1 c.c. of this toxin, and the dose had to 
be increased very carefidly. 

In the presence of all these difficulties in the use of unmodified 
toxins for vaccination, a different method is noAV generally adopted 
in the immunisation of animals, small or large, for the purpose of 
scientific research or for the preparation of toxins on a commercial 

^ “Le veiiin clcs serpents,” Paris, iSOfJ, p. .54. 

^ Ann, de VInst, Pasteur^ Paris, 1897, t. xi, p. 316. 
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scale. Vaccination is coimnenced with toxins modified l^y heat or by 
chemical substances. Tlio diphtlieria and tetanus toxins, those most 
employed in the serotherapeutic industry, arc subjected to various 
degrees of heat. FriinkeP was the first to make use of this metliod 
for vaccination against di|)htlK)ria, and Vail lard for vaccination 
against tetanus. Jt consists in introducing large doses of filtered 
cultures, heated to progressively lower degrees of temperature, 00 , 
55", 50'’ C., and then giving gradually increasing quantities of filtered 
cultures Avliose toxicity is uualtered. This method is very convenient 
for small animals, but for large mammals it is greatly simplified by in- 
jecting for a ccrtaii* p(M‘io(i toxins heated to 00'" C., and, later, replacing 
these by tmmodified toxin. 

rhisalix and Uertvand" ap[)lied an analogous method to the 
vaccination of tlie guincaqa’g against the venom of the vi])cr. This 
j»oison, wliicii resists much higher tenqKTatures tlian do the tetanus 
and diphtheria toxins, received a preliminary lieating to r>0''O. in 
order tliat it migiit be inoculated without danger into small animals. 
IJiuler these conditions it confers a certain immunity, but even w hen 
heated to 80'" 0. it, in many cases, still remains sufficiently active to 
produce fatal results. Fortliis reason, in the vaccination of animals 
for the prei)ariitiou of antivenomous serum on a large scale, Calmette 
liad recourse to another method, that of attenuating the venom by [ao 
means of cliemical substances. 

Von Behring and Kitasato^ were the first to make use of iodine 
trichloride in the vaccination of animals against the toxins of tetanus 
and diplitheria. In their earl \" experiments this substance was injected 
liefore the toxins were introduced. Later, the mixture was made 
hi rltro and then injected into the animals. Iloux devised anotlun* 
metliod wliicli liad the advantage of being simple, certain, and easily 
employed, for whicli reason it was soon introduced into commercial 
and scientific practice. It consists in the injection of mixtures of the 
tetanus or diplitheria toxins with Lugol s iodo-ioduretted solutiom 
The iodine, in small doses, instantly neutralises or modifies thes(‘ 
poisons and is itself borne w^ell, even by small animals. By employinii; 
progressively increasing doses of tliese mixtures, in wdiich the amoimt 

^ BerL klin. Wchmclir,^ 1890, No. 49. 

- A nn, de VInst. Pasteur, Paris, 1892, t. vi, p. 225. 

Conipt. rend, Acad, d, sc., Paris, 1894, t. cviii, p, 2S8 ; Coinpt. rend. Soc. do 
hioL, Paris, 1894, p. 111. 

^ Deutsche med, Wchnschr., Leipzig, 1890, SS. 1145, 1245. 
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of iodised solution becomes smaller and smaller compared with that 
of the toxin, we are able, without difficulty, to vaccinate the most 
susceptible animals and enable them to nithstand considerable doses 
of tlic pure toxin. By tliis method it is jmssible to immunise guinea' 
pigs against the most active tetajins toxin. The method serves equally 
well for the prciiaration of horses tor injections^ of unmodified toxins. 
For a longer or shorter time (according to the susceptibility of the 
horse) toxins , which are mixed witli LugoTs iodised Avater are 
injected. Iluving made sure of the resistance of the horse, larger 
and larger quantities of pure, unmodified toxin may be introduced 
Avith im])unit 3 '. 4 

For tlie immunisation of mammals of all sizes (guinea-pigs, ral>bits, 
dogs, horses) against snake venom, Calmette, in his work at Lille, also 
makes use of venom modified by chemical substances, but his method 
dilfei's from those aac liave just described. During .several Aveeks he 
injects increasing quantities of venom, mixed with decreasing quantities 
of a solution of 1 : 60 of hypochlorite of lime. After this treatment the 
animats become capal)lc of tolerating fatal doses of unmodilied venom 
and can be injected Avitli larger and larger doses. 

In recent years a method of vaccinating horses against certain 
microbial toxins, and especially against the diphtheria toxin, by means 
of mixtures of toxin and antitoxic serum, or Avith these two products 
successively, has been introduced. Baltes' Avas tlic first to extol 
[360] tills method as the best for obtaining a higli and durable immuni- 
sation. Afterwards, several other observers, amoiigst Avhom I may 
cite PawloAvsky and iMaksutoAv^, Palinirsky, and especially Nikanoioff'^, 
took up this question, and communicated veiy enconraging results. 
Von Eeliring* also found it very useful in certain cases. Thus, for 
the vaccination of guinea-pigs against tetanus toxin, lie recommends 
the injection of a mixture containing antitoxin and an unnentralised 
excess of toxin. Under these conditions he easily succeeds in im- 
munising these small animals in cases Avhei’c all othcr methods fail. 
As a general method of vaccination against toxins, hoAVcver, this 
method has not fulfilled its promise, and Roux, wJio tried it several 
times, Avas not at all satisfied Avith it. 

^ BiilL Acad. d(: m 'd., Paris, 1S95, t, xxxiv, p. 21G. 

^ Ztschr.f, llyg.y .liOipzig, 18!)(>, Ikl. xxr, S. 4.Sd. 

3 ‘‘ On the jireparatioii of a }>otoijt iintidiphtlioria serum,” St-Petersbourg-. 1807 
(in Riussian) [cf. IJerl. klhi. Wchiischr., 1807, S. 7’20]. 

^ “ Allgemeiue Thcrapic dor Infcctioibskrankhciteu,” Berlin u, Wien, 1899, S. 1093. 
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This nietliod of immunisation by mixtures of toxin and antitoxin 
is often spoken of as the mctliod of vaccination by toxoncs* This 
name, 'Hoxone/^ was first applied by Ehrlich^ to a product developed 
hy the diphtheria bacillus in culture media, a product less and 
diirerently toxic than is the true diplitheria toxin, yet capable of 
neutralising' antitoxiin The idea of toxones prcscnte<l itself to 
Ehrlich in connection with a fundamental liict noted by liiin, namely, 
tliat Avhen to a non-toxic mixture of dijththeria toxin ,and antitoxin 
there is added one and even several lethal doses of the fonneiy the 
animal is not aifected. To make it succumb to intoxication it is 
sometimes neces^^ary to add more than 20 lethal doses of toxin. To 
explain this paradoxical result, Ehrlich formulated the hy])othesis 
that, in tlie soluble j)roducts of the diphtheria bacillus there exist 
two poisSons : (l) the true toxin which exlubits a very strong aflinity 
for antitoxin, and (2) the toxonc which possesses less avidity for this 
antibody. \Vhen to an inactive mixture of the products oF di|)htheria 
bacilli and of antitoxin, there is added a fresh quantity oF these same 
])rodncts, the added toxin, owing to its greater affinity, replaces tlie 
toxone oF tlie previous combination. In the mixture to which is 
added one or seveinl lethal doses of diphtheria poison, the toxone [367] 
only is found free, all the toxin being combined with the antitoxin, 
and, «as the toxone is only feebly toxic, the animal resists without 
suflering any serious illness. 

Madsen " adopted tlic theory of tlie diplitheria toxone, and alFirmed 
that tins substance poisons but slowly, jiroduces neither early nervous 
symptoms nor loss of hair, but excites slight oedema at the point of 
inoculation and late paralyses. Susceptible animals may die from 
toxones, but very much later tlian as the result of poisoning by the 
toxins. 

Elirliclfs pu])ils have extended the tlieory of toxones to other 
bacterial jioisons. Thus Madsen^ has described a similar toxone in 
tetanus poison — the tetanolysin of Ehrlich — which dissolves tlie red 
l)lood corpuscles, and Ncisser and Weclislierg^ refer to a toxone in 
the poison produced by the staphylococcus. 

Ehrlich also describes toxoids as occurring in diphtheria poison. 

The toxone, he maintains, is a product of the diphtlicria bacillus 

^ Deutsche rued. Wchnschr,, Leipzig, 1898, S. 597. 

" Ztschr.f. Leipzig, 1897, Btl. xxiv, S. 425. 

^ Ann. de Vlnst, Pasteur, Paris, 1899, t. xni, 56S, SOI. 

^ Ztschr.f. Hyg., Leipzig, 1901, Bd. xxxvi, 8. 325. 
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itself, but the toxoids (protoxoids and syntoxoids) represent the 
toxin modified without fiirtlier aid from the bacillus. The toxoids, 
though not toxic, retain all their avidity for antitoxin. According to 
Ehrlich’s conception, the molecule of toxin, under the influence of 
various factors, readily loses its toxic or toxophore, group, capable of 
poisoning the aninial, whilst still retaining its Jiaptophore group, the 
group that combines with the antitoxin. Tine toxoids then Voidd 
rei>rcsent this.haptoi)hore group of the diphtheria toxin. Without 
l)cing injurious to animals, the toxoids are capable of neutralising 
the antitoxin and of setting up in the animal the formation of this 
antibody. In the experiments carried out by the method of Babes 
and of the Bussiau authom we liave just mentioned, there would be, 
according to the view licld by Ehrlich and his school, an immuiii- 
sation by the toxoids. 

The toxones, however, arc also capable of vaccinating against the 
toxin and tlie toxone and of giving rise to the ])roductioii of a 
(liplitheria antitoxin, active against these two poisons. Tin's is what 
oGS] is affirmed by Madsen^ and by Dreycr", according to a communication 
made by the latter to the International Congiess of Medicine held 
at Paris. 

By means of the various methods briefly described above, is 
obtained a real acquired immunity against the various bacteilal 
and vegetable poisons and tlie venoms. On the otlier hand, with 
the methods of vaccination mentione<l in the eighth chapter, which 
confer a substantial immunity against micro-organisms, we cannot 
demonstrate, in the vaccinatiMl animals, a resistance against the 
coiTos])onding toxins greater than in the unvaccinated control 
animals. 'I'he animals, so thorougldy vaccinated against certain 
micro-organisms that they withstood enormous doses of culture, 
did not l>ecomc capid)lc of resisting the minimal lethal dose of 
the poison. We are led to conclude, therefore, that immunity can 
only be obtained against certain of the toxins. For this reason we 
must regard the attempt made by voii Beliring to obtain a I'eal 
immunisation against the toxin of cholera as an im[)ortant forward 
step. Before von Behring’s attempt, various species of animals had 
l)een freciuently and very substantially vaccinated against the cliolcra 

^ Compt. rend, dit Con(frc.'i internat. de maL de Paris (Section dc bacteriologio 
cl parasitulogie), 1901, p. 40. 

- CompL rend. da. Conares inlernat. de niitL de Paris (Section de bacteriolog^io 
et i»arasitologie.), 1901, p. 4o ; Ztschr, f, Ilyg., Leipzig; 1001, LL xxxvii, S. 250. 
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vibrio, but these animals, even when most thoroughly vaccinated, were 
eonipletcly non-resistant to the cliolera toxin. Von Behring suggested 
to his pupil Ransom^ the idea of iinnninising guinea-pigs, not with 
microbial cultures living or dead, as liad usually been done previously, 
but exclusively with the fluids of the cultures, deprived of the 
vibrios by filtration. In ordci-, however, to attain the desired ol)jcct, 
it was necessary to prepare fluids sufliciently active to poison the 
unvaccinated control guinea-i)igs with certainty. The results of these 
investigations confii'iiied his anticipation, and Ransom soon found 
himself in possession of guinea-pigs well vaccinated against tlie 
choleiu poison. He was mistaken, however, in supposing that, in all 
cases of immunity acajuired against Koch’s vilnio, we have to do, in 
the main, witli a purely antitoxic immunity. An investigation carried 
out in the Pasteur Institute^, whilst confirming tl)c facts discovered 
by Ransom, lead to different results as regards tlieir interpretation. 
It was demonstrated that the immunity against the vibi-io is in no 
way founded on a resistance against its toxin and that we Iiavc to 
do with two very dilferent acajiiirod immunities. The vaccination 
obtained with the bodies of the micro-organisms induced a refractory 
condition against infection by the living vibrio, l)ut not the slightest 
resistance against the toxin. The immunity, on tlie other liand, 
Avhich is conferred by tlie injection of soluble products, dejirivcd of 
tlie micro-organisms, is eflectivc not only against the toxin of cholera, 
but also against iiifectioii by the vibrio. When an animal is vac- 
cinated Avith cultures, or even Avith the bodies only of the vibrios, 
(‘liolera toxin is introduced, Init the toxin, uiuler these conditions, is 
incajiablc of setting up antitoxic immunity. It Avould appear that 
the presence of the vibrios may constitute some olistacle to tlie pro- 
<luetioii of tills immunity. 

Soon afterAvards, AVassennamb^ pointed out that the same i*nle 
ajiplies ill the ease of the With Avhole cultures 

of tills bacillus he obtained in guinea-pigs an immunity exclusively 
against infection, Avhilst Avith cultures iu a fluid medium, deprived of the 
bacilli, he was alile to vaccinate his animals lioth against the jiyeey- 
anic toxin and against the infective peritonitis jiroduced by tlie living 
micro-organism. The same double immunity could also be obtained 


^ Deutsche rued, IVc/mschr., Tweipzig 181)5, S. 157. 

Anu. de riusL Pasteur, Paris, ISDli, t. x, {>. *257. 
^ Ztschr,j. Ilyg., Leipzig ISfiG, Ld. xxtr, S. 
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ill liibonitory aninials against tlic typhoid bacillus and scA^eral otlier 
bacteria. 

When animals were sulijccted to diflerent inetliods of vaccinatioii 
against toxins, tlie nuini testation of certain phenoinena nioi-e or less 
constant was observed ; amongst these must be pointed out especially 
the rise of temperature, a local reaction and certain modifications in 
the body fluids. 

Fever is a very general symptom in the course of tlie vaccination 
of mammals. A rise of temperature is almost always observed as a 
rc‘sult of the injection of toxins. It is very variable, both as regards 
duration and intensity, and cannot serve as an indicator of the result 
of the Aacciiiation. In this respect, sncli great diHercnces have been 
observed tliat tlie attempt to establish any general laws lias had to be 
iibandoncd. 

Local reaction is also a phenomenon whieli is very frecjncntly 
observed during vaccination ; to this Aam Lehring^ paid great atten- 
tion, He and his collaborjitors found that normal horses wlicii 
a 70 ] injected subcutaiicously with small or large doses of tctamis toxin 
did not present any exudation at the seat of inoculation. The liorses 
which died as the result of a tetanus intoxication and those whicIi 
got bettor behaved from tliis point of view in mncli the same fashion. 
In horses, however, Avhioh are being vaccinated and whicli arc 
jicriodically subjected to gradually increasing doses of toxin, tume- 
faction at the scat of injection is never absent. Von Lehring 
attributes this (liflerence to the primonliid insusceptibility of the 
living elements which govern exudation in the subcutaneous tissue 
to tetanus jKiison. It is only during the process of vaccination that 
tliese cells become snsceptible and capable of manifesting a visible 
reaction. I consider that this difference is due more probably to a 
change in the chemiotaxis of the various elements which contribute 
to the inflammatory exudation reaction, from a negative to positive 
type. The cells do not react at the commencement, not because tliey 
are not susceptible to the toxin, but rather because their suscepti- 
liility is too great. During the course of vac'cination they become 
siiflicieutly adapted to the poison to be able to manifest their normal 
inflammatory reaction. This explanation certainly harmonises Avith 
the fact that diiriug the period of vaccinations in general and of 
vaccinatio]) against toxins in particular, the blood usually presents a 
more or less distinct hyperleucocytosis. Xoav, as is well known, this 
^ “AlJgeaiciiie Tliorapie der lufectioiiskrankhciteiij^JJerliii u. Wien, 1899 , S. 1052 . 
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pliciioiuenon of liypciieucooytoj^is is one of tlio most strikiiii^ 
uuiuifcstiitions of a positive clieunotaxis in wliite corpuscles. It is 
true that, as to this reaction during the course of vaccination, the 
views of observers arc not unanimous. Besredka^, as the outcome of 
his Avork on this svd)ject, expresses himself very distinctly. ‘‘ During 
tlie course of an iniin»Jinisation against diphtheria toxin,’’ lie writes, 

“one always observes a marked reaction in the goat, either at the 
Vieginning or at an advanced stage of tlic period of Tiiijcctions and 
es[)ecially in the first feAV hours after injection (p. Nicolas and 

Courmont^ in their first memoir maintain tliat hyiierleucocytosis 
“ is not necessftry for immunisation.*’ Nevertheless, in tlie de- 
scri[)tion of tlieir cxjAcriments, Avliich Avere performed on liorses 
vaccinated against diphtheria, it is clear that the number of wliite 
corpuscles is often markedly increased. Furtlier, in several cases 
they describe the formation of tumours at the point of inoculation, p7J] 
some of Avhieh en<l in suppuration. Under these conditions, it is not 
liossible to deny a vaccinal reaction on the part of the leucocytes. 
Later, Nicolas, Courmont and Prat^ publislied a second memoir on 
the same subject, in Avhich they seek to conlirm their view of the 
uselessness of hyperleucocytosis in vaccination against the poison of 
diphtheria. They give details of cxjieriments on several species of 
animals and insist specially on the conditions in Avhicli they have not 
observed hyperleucocytosis. “The doses from the first have always 
been extremely Aveak and with the addition of Lugors solution to 
attenuate tlieni ; only very gradually have Ave reached stronger doses, 
as that is one of the indispensahle coriditw^^^^ the aroa/aua: of 
leiiiUHO/tlc variations^ Avliilst obtaining a good and rajiid imnmnisa" 
tion” (p. 9/1). Tliese special jn-ecautions to avoid hyperleuco- 
cytosis demonstrate clearly that this jihenomenon is usually pro- 
duced during tlie course of A^accination. It is (|uite natural 
that Ave should, by proceeding very sIoAvly and Avith small doses 
of toxin, succeed in diminishing* or even suppressing the afflux 
of leucocytes; but this fact cannot in any Avay minimise the im- 
portance of the leucocytic reaction in vaccination. In these particular 
cases, tliis reaction niaj'^ take place without tlie numl)er of leucocy tes 
in the blood being noticeably increased. In readiitg the details of 
the experiments made by the Lyons observers, it will be seen tiiat, 

^ Ann. (h VTmt PaHem\ Paris, 180 S, t. xir, p. :ns. 

Arch, de med. exp6r. et d'anat. path., Paris, t ix. p- 770. 

^ Joiirn. de physiol, et de path, gen., l*aris, 1900, t. ii, p. 979. 
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in spite of all tlicir precautions, they were unable to prevent the 
production of hyperleucocytosis. In all their cases, where tiiey took 
the ])recaution to count the leucocytes several times a day, there was 
an undoubted increase of these cells, ^Ve may here recall Sale- 
Tuonsen and Madsen's account of the immunisation of a horse against 
diphtheria toxin, in which they point out the frecjucncy of tume- 
factions and even of abscesses. In most cases the ])us was sterile, 
Avhicli renders'it prol)able that the white corpuscles had accumulated 
at the seat of inoculation as the result of some influence exerted by 
the diphthe]*ia toxin. 

By far the most important and remarlcable cln^nge met wa'th in 
animals vaccinated against toxins and venoms, consists in the appear- 
ance of antitoxic power in tlieir blood and fluids in genei’ah Tliis 
] fact Avas, as alrea<ly mentioned, first demonstrated by von Behring 
and Kitasato^ in the blood of rabbits immunised against tetanus. 
The blood itself, or the blood serum, mixed with a quantity of tetanns 
toxin more than sufficient to cause fatal poisouii^g, sets up iio disease 
when injected into animals. In their earliest researches, von Behring 
and Kitasato kept the mixtures in contact m vitro for 21 hoiu’s, 
before injecting them into test animals. Later, they found that this 
prolonged contact outside the body Avas unnecessary and tliat they 
could obtain successful results by iujecting the serum of vaccinated 
animals and the toxin siimdtanoously, even at different points of the 
body. This discovery Avas immediately aftcrAvards applied by its 
Muthors to dii)htheria and, in the case of both intoxications, confirmed 
by numerous observers. 

For some time wo Avere satisfied Avith vaccinating small laboratory 
animals and establisliing the antitoxic power of their blood serum ; 
latei*, the vaccination of large animals, especially horses, Avas com- 
menced Avith the object of obtaining large quantities of antitetanus 
and mitidii)lithcria serum for medical use. During tlie course of 
these experiments the principal characters of the antitoxic fluids 
were establislied. It Avas deemed desirable to isolate the antitoxic 
substance from tlie blood serum in order to get rid of every uiv 
iiecessary and inactive admixture, so that tlie antitoxin might l)e 
used in as pure a form as possible. This idea of isolating the anti- 
toxic substance had, however, soon to be abandoned as impossible of 
realisation. Antitoxin is a non-crystallisable substance, of unknown 
chemical comi)osition, wduch adheres firmly to the albuminoid 
^ JJeuUche meiL Wchnschr., Leipzig, 1890 , S. 1113 . 
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substances of the serum. It is usually regarded as belonging to 
the same albuminoid group of substances, though it is not possible 
to prove this satisfactorily. Von Behring^ however, who studied 
this question in collaboration with Kiiorr, denies the albuminoid 
nature of tetanus antitoxin. After demonstrating that this anti- 
toxin, when the anti^^ctanus serum is submitted to dialysis, passes 
through the dialysing membrane, these observers found that they 
could not obtain tlie cliaracteristlc reactions of albmhinoids in the 
dialysed fluid. It must be admitted, liowcver, that this negative 
result is not sufficieid to justify a denial of the albuminoid nature of 
antitoxin. AVhCii iS^encki and Mme Sieber- sought to produce the 
reactions of albuminoid substances wdth the digestive juice of 
Nepenthrs (the wxdl-knowai insectivorous plant) they got no result ; 
but after the concentration of the juice m vacuo, it at once gav e tlie 
characteristic reaction with nitric acid, and also with acetic acid, 
l)Otassium ferrocyanide and IMilloids reagent 

Tlie antitoxins may be precipitated aloi»g with the globulins and 
are distinguished, in general, by a fairly great resistance against 
pliysical and chemical influences. In this respect they arc allied to the 
agghitinins, the fixatives and the jaecipitins, considered elsexvhere, and 
are sharply distinguished from the cytases. The antitoxins resist 
temperatures wliich destroy the cytases and remain unaltered to 
beyond 00 ' — 05"* C. They are moi’e stable than the delicate toxins of 
tetanus and diphtheria, l)ut they are more easily altered than the 
toxins of cholera, of BaciUns pyocyaueas and tlie venoms. When 
stored in a dry state in the residue of cva[)orated serums and protected 
from light and air, the antitoxins will keep for a very long time 
without showing any notable attenuation, Tliis property is very 
important in practice. 

The antitoxins, in this respect also resembling the fixatives and 
the agglutinins, are humoral substances in the strictest sense of the 
term. TJmy are found not only in ‘prepared serums but abound also 
in the plasma of the circulating blood, and in the plasmas of the 
lymph and of exudations. Vaillard and Roux® have shown that the 
clear acellular serous fluid of tlie oedema produced by the slowing 
of the circulation in rabbits vaccinated against tetanus toxin, is as 
antitoxic as the blood itself. Even the aqueous humour of a strongly 

^ “Dio praktischeu Zicle dor Blutseriimthcrapie ” Leipzig, 18a*2, d 52, 

^ ZlHchr.f. physioL Cheni,, Strassbuig, laOl, Bd. xxxn, y. 

® Ann, de rinst. Pasteur, Paris, 181)3, t. vii, p. SI. 


2 . 3-2 



SoO Chapter XII 

iiiiunniisod animal is antitoxic, tliongh to a less degreo. On tlie 
other Jiand, the saliva and urine exhibit very little antitoxic power, 
even when tliey are derived from animals hyperimnmnised against 
tetanus toxin. Milk, as first demonstrated by Ehrlich^, is fixirly rich 
in antitoxin, although much leas so tlian the blood. According to 
the estimation of lOhrlieh and Wassermann-, ii}. the same immunised 
[374] animal, milk contains onc-fifteenth to one-thirtieth of the amount of 
di])htheria or tetanus antitoxin conbiined in the blood. Pus is always 
less antitoxic than blood or blood serum. According to Roux and 
Vaillard ( 1 . c., p. 8:2), the pus of their rabbits vaccinated against 
tetanus toxin was only one-sixth or o)ie-eighth as •iintitoxic as the 
serum of the blood. In Salomonscn and IMadsen’s’^ antidiphtheritic 
horse the cellular sediment of the pus was about oue-half as antitoxic 
as the blood. 

For the development of the antitoxic pro]>erty in the fluids of the 
body, it is not essential that animals should belong to species sus- 
ceptible to the corresponding toxin. Animals naturally most refrac- 
tory against the poisons of diphtheria and tetanus are also capable 
of producing antitoxins, Vaillard* demonstrated this fact in the 
fowl. This bird, which is naturally refnictory against tetanus, usually 
acquires a very marked antitetanic power in its blood after one 
or more injections of tetanus toxin, lie observed, however, that, 
in fowls thus treated, at a stage when the fluids of the body are anti- 
toxic, the albumen of the egg is not so. The antitoxin, theicfore, 
does not pass into this nutritive secretion, as it does into the milk 
of mammals. On the other hand, as has been demonstrated by 
F. Klemperer'*, the vitellus of the eggs of fowls treated with tetanus 
toxin in time acquires an antitoxic property of the most nnrkcd 
character. 

The antitoxins, found especially in the fluids of the body but 
only scantily in the cells, exert some action on the te)xins. What 
is the nature of tins action? This question, much studied and 
discussed, is one of very gi'eat importance in connection with the 
general problem of acupiired immunity against toxins. In his first 
memoir, written in collaboration with Kitasato, von Behring 

‘ Ztschr.f. llt/g., Leipzig, Ud. xil, S. 183. 

^ Ztxhr.f. Hyg., T.eipzig, 1894, ]5d. xvui, S. 248. 

* Ami. de I’liint. Pasleur, I’uris, 1807, t. XT, p. :424. 

* Compt. rend. Son. de Mol., Fari.s, 1891, p.. 4ti2 ; Ann. del'hiA. PasUur, raris, 
1S92, t. VI, p. 229. 

' Arch./. e.cper. Path. u. Pharmakol., Leipzig, 1893, Bd. .x-xx!, S. 371. 
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med. Widtmclir., Leipzig, 1800, S. 1113) formulates Ins first thesis as 
follows : ‘‘ tlie blood of a rabbit immunised against tetanus possesses 
the property of destroying tetanus toxin/’ This idea of destruction, 
which would remove all toxic power from the [mison, would naturally 
present itself to the mind and was at once accepted by a great many 
observers, but the numerous facts now accumulated on tlic sulyeet [375) 
will not allow us to accept a real destruction of toxins by antitoxins, 
Tizzoni^ was one of the first to point out certain, contradictions 
between the theory of destruction and tlie [dienomena produced in 
animals injected Avith tetanus toxin and antitoxin, Buchner’ also 
brought forward;, ncAv facts Avhich led him to conclude that antitoxin, 
instead of actii^g directly on the toxin, exerts its influence exclu- 
sively on the living elements, thus protecting the animal against 
intoxication. Amongst tlie arguments advanced by the Munich 
observer, the principal one is drawn from the dilferent action of 
mixtures of tetanus toxin and antitetanus scrum on various species 
of animals. It has been clearly shown that the guinea-pig is more 
susceptible to tetanus tlian is the mouse. In ])ojsoning with tetanus 
toxin it requires an absolutely larger (juantity of toxin to kill the 
guinea-pig than to kill the mouse. But if we take into account the 
weight of these animals, the conditions cliange completely. Thus, to 
cause a fatal tetanus in a guinea-pig, which weighs twenty times more 
than a mouse, vve need only inject into the former a dose at most ten 
times greater than that necessary to produce fatal intoxication in the 
mouse. Buchner ])iepared a mixture of tetanus toxin and anti- 
tetanus serum which, in the mouse, produces no tetanic ])hcnomenon 
or only sets up feeble and transient symptoms. According to the 
theory of direct action, we must assume that in this mixture tlie 
toxin is completely or almost completely neutralised b}^ the antitoxin 
of the serum. But when Buchner injected the same quantity of mix- 
ture into guinea-pigs, without increasing it in proportion to the greater 
weight of these animals, he ])roduccd a tetanus of the most marked 
character. There has, consecpiently, remained in the mixture a 
sufficient amount of free toxin, whose tetanigenic action is mani- 
fested in the guinea-pig, an animal, as vve have seen, more suscciitibic 
than the mouse. Buchner’s experiment has been verified by several 
observers, lioux and Vaillard^ carried out others which afiord 

^ BerL kliiL Wchnschr,, 1893, S. 1266. 

^ Milnchen, mod. Wchmehr.., 1893, S. 480. 

^ Ann. de Vlnsl. Pasteary Tari-s, 1894, t. viii, p. 725. 



358 


Chapter XII 

similar evidence. Tlic same mixture of tetanus toxin and specific 
serum nliieh is borne without tlie least difliculty by normal guinea- 
pigs, causes typical tetanus in other guinea-pigs of the same weight, 
and apparently in the best of health, but wliich have been im- 
7(>] munised some time before against the Massowali vibrio. In another 
series of experiments, Koux and Vuillard injected into guinea- 
pigs a very large amount of antitetanus serum ^^ca})able of im- 
munising them thousands of times/^ and, shortly afterwards, a lethal 
dose of tetanus toxin. The normal guinea-pigs were thoroughly 
resistant to tliis test, whilst several guinea-pigs into wliich were also 
injected the products of other micro-organisms, i^cquired tetanus. 
Analogous I'esults were obtained with mixtures of diphtheria toxin 
and autidiphtheria serum. Roux concludes from these facts ^^that 
the antitoxins act on the cells.’' Against the theory of the destruc- 
tion of toxins by antitoxins, he invokes the influence of heat on 
mixtures of those two substances. Calmette^ under Roux’s inspi- 
ration and in his laboratory, carried out various expeiaments on auti- 
venomous serum. A mixture of this with snake venom, in such 
[iroportion that the poison became inactive, regained its toxicity 
after being heated for five minutes at fiir C. A normal animal, in- 
jected Avith this mixture, succumbed as if it had received inirc 
venom. ‘ On being heated at 08'' C. the serum lost all its antitoxic 
power over the venom, and the latter, which only becomes modified at 
a much higlicr temperature, remained intact. Later, a similar result 
was obtained by Wassermanu^ in his experiments Avith pyocyanic 
toxin. Tins poison is resistant at even higher temperatures tlian is 
snake venom, whilst the antitoxin of the serum is destroyed under 
the same conditions as are the other antitoxins. Taking advantage 
of these pceiiliarities, Wassermaun boiled the mixture of iiyocyanic 
toxin and antitoxin serum, being careful to dilute it Avith tAvo volumes 
of distilled Avater before doing so. This mixture Avliich, before it avms 
heated, Avas quite innocuous for •guinea-pigs, again became a fatal 
poison after the destnictiou of the antitoxin. 

These experiments prove clearly that, in the action of -the anti- 
toxin ou the toxin, there can no longer be any question of an actual 
destruction of the latter, a view Avhich has been accci>ted by both 
YOU Behring and Ehrlich. But, as pointed out by Roux at the 

^ “ Le veniii des serpentjf,” Fans, p. 58. 

2 Zu>chr.j\ Hyy.y Leipzig, 189t), i>d. xxn, S. 203. 
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International Conj^ress at Budapest in 1P»91, tlie manifestation of 
the toxic action of the venom after it has been heated along witli 
antitoxin, may be reconciled with the view that tlie coml)ination 
between the two substances, if such take place, must be very unstable. 

This same remark may be applied to Wassermarnrs experiment. [’^7] 
Therefore the great majority of observers, if not all, admit that I1»c 
antitoxin combines with the toxin to form an innocuous and unstable 
substance which can be dccoin})osed by heat and bv other agents. 

The researches on tlie action of antitoxins hi vitro have had a 
poM'crful iniluence in determining this view. 

We liave already in Denys and van de Velde's^ ex])eriments an 
indication of the direct action of certain antitoxins. These observers 
showed that the serum of animals vaccinated against a Staphylococcus 
is capable of neutralising in vitro a particular toxin to wind) van do 
Velde gave the name of lettcoculiit- When it was added to a dro]> of 
the exudation from a i-abbit, this leucocidin in a very short time 
destroyed the white corpuscles, by dissolving the cell content but 
leaving the nucleus untouched. When Denys and van de Velde 
prepared mixtures of leucocytes, leucocidin and antileueocidic serum 
in vitro, the white corpuscles retained their normal condition for a 
very long time. The leucocidin was, therefore, rendered inactive by 
the direct iniluence of the corresponding antitoxin. These facts have 
been con tinned by BaiD’ and other observei’s and even extended to 
certain other microbial toxins. Tims, the Bacillns ptjoqjanevs ]>ro- 
duces a leucocidin which kills the white corpuscles and dissolves 
their coutents'^. AVith the object of faeilitatiug cx])eriments with 
these leucocytic |)oisons and the corresponding antitoxic scrums, 
Neisser and Weehsberg ^, of the Institute of Experimental Thera- 
peutics at Frankfort, invented a method which allows ns to obsei vc 
the phenomena of the destruction of the leucocytes and of the anti- 
toxic power in test tubes, without having recourse to a mici’oscopicjd 
examination. Tliey applied the fact, discovered by Ehrlich, tliat 
living formed elements reduce methylene blue and, depi’iving it of its 
oxygen, decolorise it. Leucocytes from aseptic exudations are intro- 
duced into tubes and a w^eak solution (2%) of methylene blue is 
poured on tliem. To prevent tlie re-oxidation of this eoJi)uriMa 

1 La CeMiile, Lierre et Louvuiu, 1S9(), t. xi, p. 359; Amu de CInst. Faslear, Caria, 

189C, t. X, p. 580. 

^ Ar'ch.f. Ifyg., Mlincheii n. Leipzig, 1897, Bd. xxx, S. 348. 

Gheorgliio\vsky,/(na. de Vlnst. Pasteitr, Paris, IS99, t. xnr, p. 29S, 

^ Ztschr.f, Ihjg.y Leipzig, 1901, Bd. xxxvi, S. 330. 
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matter by the oxyj^en of tlie air, tlie siirflicc of the fluid is covered 

[378] ^vitll a layer of liquid parafliii. If the leucocytes are living, the 
‘ lower blue layer becomes decolorised in a sliOi*t time (in about two 

hours) ; when the corpuscles are dead, decoloi-ation does not take 
place. By addiiig to tlie mixture of leucocytes and colouring mattei* 
some leucocidin, alone or along with antileucocidic serum, it is possible 
not only to observe nith the naked eye the phenomena which take 
place in these cases, but also to estimate to some extent the pio- 
])ortions of ]K)isou and counterpoison. 

All these researches make it clear that the antitoxin acts directly 
on the leucocidin. Similar facts have been noted^ as regards cer- 
tain other organic poisons and their antitoxins. Shoi-tly after tlie 
discovery of antileucocidin by Denys and van de Velde, Kanthack 
made a (*ommunication to the Physiological Society in ld 9 (P, ex- 
hiliiting tubes in which the coagulating action of Colira venom on 
the blood had been prevented by the addition of anti venomous 
serum. Of all the exjicriments, liowever, made to prove the direct 
action of antitoxin on toxin, Eln-lich’s- have played the most important 
jiart in the study of this (piestion. hlhrlich directed his attention to 
ricin which, as Kobert demonstrated, has the projierty of agglutinat- 
ing the red corpuscles of defibrinated blood. This phenomenon can 
be easily observed In vitro. In tubes containing red blood cor|)Uscles, 
the addition of ricin causes these corpuscles to agglutinate into 
clumps and to fall to the bottom of the tube, leaving a clear superna- 
tant fluid. After adding jirogressivcly increasing quantities of antiricic 
serum to tlie tuVies containing fluid blood and ricin, Ehrlich was able 
to demonstrate tliat small quantities of antiricin mereb^ retarded the 
jirecipitation of the red corpuscles, whilst larger doses completely pre- 
vented it. Having studied the projiortions of ricin and its antidote, 
necessary to retard and jirevont the fatal i>oisoning of animals, Ehrlich 
was struck by the jiarallelism which is exhibited between the action 
of tlie antitoxin in the living aninial and that in the test tubes. 

The study of anticytotoxins, discussed in tlie fifth chapter, has 
furnislied another opportunity of observing the action of antitoxins 

[379] in vitro, ( ■amus and Gley and II. Kossel were the first to observe 
the action in vitro of antitoxic serum against the ichthyotoxin of 
eeVs senim. Since this observation, this phenomenon has been 
repeatedly studied in the antihaemolysins and antispermotoxius. 

^ [At 51 meeting licld at St ] Bartholomew’s IIosj)itiil, London, cited by Stephens 
and Myers in Jouvik Path, and BaclerioL, E<lin. and London, 1898 , vol V, p. 280 .] 

^ Fortschr, d. Med., Berlin, 1897, Jahrg. xv, S. 41. 
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The aiitidiastatic serums also act in vitro and, as their effect can be 
demonstrated on soluble ferments placed in contact with unorganised 
bodies, such as gelatine and casein, the purely chemical character of 
the reaction is all tlie more strikingly shown. We are indebted to 
\on Dungern, Briot and Morgenroth for accurate observations on tliis 
subject. 

Martin and Cherry^ made use of a different method to demon- 
strate the direct action of antitoxins on toxins whieli exhibit their 
toxic power on the animal organism. They cliose smdve venom mixed 
with antivenomous serum. Tlie mixtures were fdtered umler great 
l)ressure [50 atiHOsi)lieresJ through a film of gelatine, under tlie idea 
tliat, if the venom and antitoxin were not chemically combined, the 
formei' alone, owing to its much smaller molecules as compared with 
tliose of the antivenom, would pass into the filtered fliuM. TI]is fluid 
shoidd, under these conditions, possess a toxic power for animals, 
Avhen tlie mixture, used for filtration, was dejuived of the huger 
luolecvdes. Martin and Cherry left the venom and the antitoxic 
serum in contact for periods of varying length, before filtering the 
mixtures. As the result of a series of such ex])eriments carried out 
according to this scheme, they found that the product of the filtra- 
tion made after some iiiinutcs’ contact between the two substances, 
was distinctly toxic ; whilst the filtrate obtained after a contact of 
lialf-an-Iiour was absolutely imiocuous. From their observations 
these authors conclude that the antitoxin enters into chemical com- 
bination with the venom, but that the combination does not take 
place iiistantaiieously, a certain amount of time being necessary for 
its accomplishment. 

In addition to the time factor others have an influence on the 
combination between toxins and antitoxins, as is seen from KhrJiclls" 
and Knorr s^ investigations. Both observers liave sliowu that aiiti- 
toxiii neutralises the toxin more slowly in dilute solutions than in 
more concentrated form. For tliisr reason, Avheu animals arc injected 
with very weak solutions, the toxin may manifest its action before it 
can be neutralised by the antitoxin; this may lead to erroneous 
conelusioiis. On the other hand, according to data furnished by 
these authors, temperature also exerts an influence on tie combi- 

1 Pi 'oc. Roy. Soc. London, 1898, Vol. LXiii, p. 423, 

2 KHn. Jahrhuch.y Berlin, 1897, Bd. vi, S. 13 [of reiirint], 

^ Port.'iohr, d.Med., Berlin, 1897, Jalirg. xv, S, 657; Miuichm. rned. W chnschr., 
1S98, S. 321. 
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nation. Lowering the temperature retards, whilst raising it accelerates 
tlie neutralisation of the toxins by the antitoxins. Insisting on the 
piu'ely chemical character of the ctanbinatiou between these two 
substances, Ehrlich and Knorr adduce the foct that this combination, 
in cases where we have a complete neutralisation of the toxin, follows, 
most rigorously, the law of multiple doses, that is to say, in order to 
render innocuous a hundred doses of toxin we have only to take a 
hundred time.^ the quantity of antitoxin. 

The series of iacts summarised above demonstrate distinctly that 
antitoxins act directly on toxins. Rut how can this result be recon- 
ciled with the observations given above according tp which must be 
admitted the no less real influence of the organism of the living 
animal on intoxication by mixtures of antitoxin with toxin ? Ivnorr’^ 
sought at first to minimi.se the importance of the facts brought for- 
ward by Ruchner and Roux. Me failed to corroborate Buchner's 
residts and found that the injection of mixtures, made Avith very 
large doses of tetanus toxin (20,000 times the minimal lethal dose) 
and corresponding (juantities of antitetanus scnim, brought about 
the same effect in guinea-pigs and mice. By modifying the quantity 
of antitoxin, he rendered the mixture equally innocuous or equally 
toxic for these two .species. But the data given by Knorr are (piite 
sufficient to prevent us from accepting hi.s conclusion. In his exj)eri- 
ments, as in those of Buchner, the guinea-pigs manifested a greater 
susceptibility and dieil from mixtures which, in mice, caused merely a 
tetanus of medium intensity. 

Some have sought to explain Buchner’s experiment by assuming 
that the mixtures, lethal for the guinea-pig and innocuous for the 
mou.se, owed their toxic action to the presence of the letauvs toscoue 
and not of the true tctanu.s poison, the tetmiospamiin. This hypo- 
thesis of toxones, as stated above, Avas put forward by Ehrlich as the 
[381] outcome of his ingenious researches on the constitution of the diph- 
tlieria poison. As, hoAA^ever, the toxones must act differently from the 
toxins, we can only attribute to their action the results in those cases 
Avhere the guinea-pigs die without presenting typical symptoms of 
true tetanus, that is to say Avithout spasms. Now, in Buchner’s 
experiments, a much larger proportion of these animals, injected 
with the same mixtures as tlie mice, succumbed and exhibited the 
characteristic tetiinic convulsions. Even in those cases, hoAvever, 

‘ “Experimentelle IJiitoreucliungcn fiber die Greiizen dor lleiluiig-smoglichkeit 
des Tetanus,” Marburg, 1S95, SS. }4, 21. 
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wlierc the deatli of the guinea-pigs might be attributable to an 
intoxication by the toxone^ tlie general result could not be altered. 
The toxoncs are, according to Ehrlich, manufactured by tlie micro- 
organisms in the culture media and form an integral yiart of the 
natural microbial poisons. Again, they arc neutralised by antitoxic 
scrums. If, tlierefore, in spite of tliere being the same quantity of 
toxoncs and of antitoxin in tlie mixtures, these mixtures become 
more toxic for the guinea-pig than for the mouse, we hjive an indica- 
tion tliat some special change must take place in tlie animal to ujiset 
the conditions of toxicity. 

Weigert^ accqits the accuracy of Buchner's experiment, which, 
indeed, can no longer be denied, but explains it on the liypotliesis 
tliat there is some substance in the animal possessing a very great 
allinity for the toxin. This substance is supposed to be ca])able of 
decomposing the innocuous combination of the antitoxin with tlie 
toxin, just as heat does in Calmette's and Wassermanifs experiments, 
described above. In both cases the toxin would be set free to exert 
its noxious action. Such a hy|)othesis is very probable, because it 
agrees witli direct observation, but it compels us to accept some new 
liheiiomenon which is produced not in vitro, but in the living animal, 
and which carries on its work in a very dilferent fashion in the 
guinea-pig and in tlie mouse. 

In tlie present imperfect state of our knowledge it is veiy dillicidt 
to form any idea of tlio precise conditions which must intervene in 
tlie organism of the guinea-pig to cause the tetanus toxin to act in a 
mixture with antitoxin which is much more innocuous for the mouse, 
in order, however, to satisfy tliose who scelc to understand these 
complex phenoineiui, it may be useful to cite another example of 
antitoxic action in which certain factors are distinguished by their 
simplicity. 

Lang, Hcyinans and Masoin^ have demonstrated that liyposuL ! 
pliite of soda prevents poisoning by prussic acid. TJiis terrible 
jxiison becomes innocuous if we take care to introduce into tlie 
animal by any channel whatever (subcutaneously, intravenously, or by 
the stomach) a sufficient quantity of liyposulphite of soila. Umicr 
those conditions the sulphite is substituted for the hydrogen of tlic 
prussic acid, transforming the poison into sulpliocyanic acid, which 

^ Lubarseli ii. Ostertag's “ ErgelMiisso d. allgem. Fatliolugie u. patliulog. AiiaUj- 
Wiesbaden, iv Jjdirg. (for 18^17), S. 121. 

- Arch, mlernat. de Pharmacodyn., Gaud et Paris, Vol. iif, p. 77. 
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lias no action on the organism. The l»y|)osulphite of soda, then, acts 
as tlic antitoxin of the prussic acid, thanks to a chemical reaction of 
substitution between bodies of simple composition. We have never 
yet succeeded in reproducing this reaction in litro, whilst in the 
animal body it is efleeted with very great ease. Conse(piently, we are 
quite justified in invoking special conditions in the body of the 
living animal ; this, however, does not preclude the possibility of a 
transfoi’inatiop of the toxic substance into an innocuous substance 
through a chemical reaction. It is probable that analogous phe- 
nomena may also be met with in the action of true antitoxins on 
the microbial toxins or allied substances (venoms, i vegetable toxal- 
bumins). 

The case of tlie destruction of micro-organisms, which is now more 
easily studied because it is possible to observe with the eye the fate 
of these organisms in the animal, is a further source of valuable 
information. Tlie direct action of cytases on certain bactei*ia, such as 
the cholera vibrio, can be just as easily demonstrated in vitro as can 
the action of antiricin on ricin. If we proceeded to argue from this, 
a perfectly accurate observation, that the living animal iihiys no part 
in tlie destruction of the micro-organisms and that tliis destruction 
takes place always in a fashion analogous to Pfeiller's phenomenon 
in vitro, we should undoul)tedly arrive at an erroneous conclusion. 
We know already, as has been indicated in |)revious chapters, that 
tlie granular transformation of vibrios is only ])art of a whole 
series of jdienomena of destruction of micro-organisms, the great 
majority of Avhicli phenomena require more or less active inter- 
vention of the animal organisnu In reality, matters usually go on in 
a very complicated fashion, in which direct and indirect actions are 
blended in varied proportions. In the examples described elsewhere, 
we see, alongside the granular transformation, an agglutination into 
[383] clumps and immobilisation, and an ingestion and intracellular de- 
struction of micro-organisms. TliC final phase, no doidjt, is always 
a chemical or physico-chemical action, exerted against the micro- 
organism, but how varied are the means used to bring about this 
result ! We may surely be allowed to suppose that analogous pheno- 
mena may take place in the action of antitoxins on the toxins. 

Just as, in the analysis of the influence of serums on the micro- 
organisms, it was found useful to study the action of certain fluids 
less complicated than the anti -infective si)ecific serums, so Ave may 
utilise information furnished by the antitoxic action of fluids other 
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than the true antitoxins. Cases are l>y no means rare in which nor- 
mal serums exert a certain influence on toxins. Thus, ITeiflcr'^ noted 
that tlie normal blood serum of the goat has the power to prevent 
fatal poisoning- l)y the cliolera toxin. Freund, Crosz and Jclinek " 
observed an analogous action of solutions of nucleoliiston on dii>h- 
theria intoxication and Kondratieft”^ <lemonstratcd the same action of 
an extract of the sj)lecn on the tetanus poison. Calmette^, in 
collaboration with Deleardc, studied the inflticnce of ,a whole series 
of fluids on abrin intoxication. Whilst physiological saline solution 
was absolutely incapable of jireventing the death of animals, fresli 
broth exerted jpi undoubted antitoxic power. Amongst normal 
serums, ox serum exhibited a certain antirabic property. ISIore, 
however, than the scrums of normal animals, have those of animids 
immunised against various toxins other than abrin (antitetanus, anti- 
di[)hthe)-ia, autivenomous scrums, ttc.) been found to posse.s.s the 
power of preventing intoxieation by alvrin. Tliese facts are connected 
with otlicrs of atialogous nature, pi-cviously demonstrated by Calmette ’, 
of which 1 may cite the following ; the senim of animals vaccinated 
against tetanus toxin is active, though to a less degree, against snake 
venom ; tlie serum of ral)bits vaccinated against rabies, a serum 
powerless to protect against this disease, is, however, vei-y markedly 
1 ‘flective against the same venom ; the serum of animals immunised 
against snake venom is also antitoxic against scoii)ion venom (I have 
myself had the opportunity of confirming this fact on several 
oecasions). In all these examples, the scrums have proved to be less 
eflicacious against poisons other than the toxin with Avhich the 
animals that furnished the blood had been treated, Ehrlich'’, tof), 
has demonstrated that animals vaccinatc<l against robin (to.xalbumin 
of Itohimu pticiidacacia) produce a scrum, antitoxic not only against 
this poison but also against ricin. It need scarcely be added that in 
all these cases of non-specific action of serums derived from vaccin- 
ated animals, no question of anji antitoxic eflect of normal serums 
can enter. In all the experiments just summarised, the scrums of 
normal animals, used as controls, were found to be inefficacious. 

^ /Jifrhr.f, Leipzig’, 1895, Bd. xx, S. 210. 

^ CcutnM.f. inn. Med., IxM'pzi^’, lSf)5, Jahrg. xvr, SS. nir?, 9:17. 

® Arch.f. exper. Path. u. Pharmnkol.y Leipzig, 1890, Bd. xxxvii, S. 19L 

^ Ann. da rinst. Paaleury Paris, 18,90, t. x, p. 703. 

Ann, da VhuL Pasteur, Pari.s, 1895, t ix, i). 225. 

“Die \^^^rthbe^lle.s.sun^^^ d. Diplitherielieiiseriiiiis’’ {fClln. Jnitrh., Berlin, LS9i, 
p. 20 of reprint). 
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If, in the case of the non-specific action of scnnns, it were 
allowable to advance the liypothesis of a direct influence of these 
fluids on the toxins, it would still be impossible to sustain this view 
where broth fulfils the antitoxic role. This fluid, much simpler in 
composition than any scrum, is an excellent culture medium for 
micro-organisms and one in which the toxins develop well and can be 
kept for a fairly long ])eriod. There is, therefore, not the slightest 
ground for assigning to it any direct antitoxic action, on the contrary, 
everything leads us to regard it as an indirect agent, whicli acts liy 
stimulating the reaction of tlie animal organism, nere, tlien, the 
case Avould be quite analogous to that of the actien of broth as a 
protective agent against certain bacterial injections, a siilqect already 
<liscussed in the tenth chapter. In this same category of indirect 
influences also, must be ranked the example of the antitoxic action 
of the blood of the crayfish agiiinst scorjiion venom. I have 
demonstrated in a sei-ies of experiments that the fresli blood of the 
crayfish has the power to prevent fatal intoxieation of mice hy 
scorpion venom. Injected in a dose of from 1 to r*25 c.c-, several 
minutes or an hour before the injection of the ra])idly fiital dose of 
scorjiion venom, the crayfish’s blood exerts a veiy distinct preventive 
action. It might be siqqiosed from this timt tlic crayfish lielongs to 
the groiq) of animals insusceptible to scorpion venom. Tliis, how- 
ever, is not the case. The crayfisli is very susceptible to this poison 
[^585] and succumbs to a quarter the dose necessary to kill a mouse. The 
blood of tlie crayfish is, therefore, conqiletcly incflective as a pro- 
tective to the crayfish itself, and only exerts its action wiien introduced 
into tlie body of the mouse. It migiit be concluded that it is only 
after it has been drawn from the crayfish that the Iflood acquires its 
antitoxic power. Experiment contradicts this supposition. Crayfisli 
blood, when injected into anotlier crayfish, in equal or gi’cater amount 
than is necessary to ]>rotect a mouse, is incapable of preventing iatal 
intoxication by scorpion venom, although, here again, the crayfisli 
received only one-quarter of tlie dose of venom used for the mice. 

We are, therefore, comjiolled to believe that the crayfish s blood 
is antitoxic for the mouse, not in virtue of its direct neutralising 
action on the venom, but owing to some indirect influence on the 
organism of the mouse. It is impossible to define, exactly, the 
mechanism of this action. We may suppose that the blood of the 
crayfish contains some substance which, by itself^ is insufficient to 
prevent the intoxication, but which becomes active in tlie presence of 



367 


Artlfidal immunity against toxins 

some other substance, also inefficacious by itself, met M'itli in the 
organism of the mouse. Here we should have sometliing analogous 
to what is met with in imnuinity against micro-organisms wlicre both 
fixatives and cytases intervene to bring about the destruction of 
micro-organisms. By making researches in vitro on the action of 
the fluids on bacteria, Ave may easily observe certain ])henoineu;i 
Avhicl* appear to indicate their direct influence. Take tlie case of 
the fluid of an oedema from an animal vaccinated agaipst the cholera 
vibrio which renders this micro-organism motionless and agglutinates 
it in vitro ; the oedema of an unvaccinated animal produces no 
such eflect. lf,,Jiowever, Ave Avere to conclude from this fact that, in 
the oedema of the living animal or in its subcutaneous tissue, every- 
thing goes on as in the test tube and that no other phenomenon of 
reaction against the vibrios is produced, Ave should fall into a gi’ave 
error. It is extremely jiinbable that, in the resistance of the living 
animal against the toxins, the phenomena are more complicated than 
lire tliose observed in vitro. The example of the blood of the cray- 
fisli Avliieh prevents tlie poisoning of the mouse, Avitliout havijig any 
iMfluence on that of the crayfish itself may here serve as a guide to 
us. It is possible that, as in the struggle against the micro-organisms, 

A\'c have here a co-operation of two snl)stances, each one of Avliich, 
by itself, is inactive. One of these substances Avould be found pro- [3SG] 
existent in the blood of the crajfish, tlic otlier forming i)art of the 
organism of the mouse. Perhaps the action of this blood is even 
more complicated and only becomes active tljrongh the mediation of 
some constituent of the living cell. 

Our study of immunity against toxins long ago revealed cases in 
Avliich this resistance cannot be attributed simply to the antitoxic 
action of tlie body fluids. Animals Aaccinated against living micro- 
organisms may succumb to infection in ^^pile of the presence of a 
strong anti-infective poAver of the body fluids ; similarly animals 
immunised against toxins may dio from intoxication in spite of the 
antitoxins contained in their fluids. Facts of this order are not rart\ 
Roux and VaillanP on several occasions observed animals Avhicli died 
from tetanus altliongh they liad a large supply of antitoxin in tlicir 
blood. Vou Behring'^' and liis collaborators, Knoir, Ransom, and 

’ Ann, de VTnat, Pas! cur, raris, t. vii, \\ 98. 

* Dmkche med, Wchnschr -, Leipzig, 1S93, S. 1253; “ Allgcinoiric 'I dor 

Iiifectioiiskrankliciten” in Enkjilmrg n. Saniiiel’s “ Lelirb. d. alJg. Tlionaiie, Berlin 
u. Wien, 1899, Bd. m, S. 1051. 
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Ivitasliima, also collected a large miniber of analogous facts. They 
showed that horses that luive. been treated for a long time Avith 
tetanus toxin and wliose blood serum is very antitoxic, still experience 
marked illness after fresh injections of toxin and may even succumb, 
in spite of the piosencc of a large amount of antitoxin in their blood. 
In these cases the morbid phenomena are undoubtedly ditlercnt from 
those typical of tetiinus. Instead of the muscular contractions which 
characterise this disease, the above oltservers noted disturbance in 
the regulation of tlic body temperature, exudative inflammation 
around the poiiit of inoculation, impainneiit of appetite and fall of 
body Aveight. Sometimes they observed muscular trefcuors and marked 
fcel>Ieiicss in the movements. These symptoms differing from those 
of typical tetanus, it may be asked whether this poisoning is not due 
to special substances other than tetanus toxin in tlie fluids injected. 
Von llehring does not flunk that this is the case, for lie found that 
l)y adding antitetanus serum the formation of exudations at the seat 
of inoculation Avas sup[)ressed. Tliese exudations, then, must be 
attributed to the tetanus toxin. 

In the cases where animals immunised against diphtheria toxin 
fall ill and even die as the result of fresh injections of toxin, in spite 
[;J87] of the juesence of a large quantity of antitoxin in their blood, we 
might also cast rloubts on the diphtheritic character of the poisoning, 
Viceause the clinical picture of this poisoning is not a very typical one. 
At the Pasteur Institute, where a large supply of untidiphtheria 
serum is prcjiared, we see, from time to time, horses, which have long 
been undergoing the process of immunisation and are furnishing a 
very good serum, suddenly fidl ill and die from intoxication, witliout 
presenting any syirqdom of infective disease. On one occasion, there 
Avas actually quite a small epidemic of fatal poisonings as the result 
of the injection of a quantity of diphtheria toxin not exceeding tlie 
doses Avhich had been avcII borne i)revioiisly. Amongst the horsevs, 
inoculated Avith the same toxin, five of the best furnishers of serum 
(lied. The otliers, some of Avhicli Avere producing only a Aveak serum, 
re m ai u cd u u a flee ted. 

Von Behring and Kitasliima^ have given a detailed history of a 
young hoisc Avliich had become very susceptible as the result of 
vaccination Avith diphtheria toxin. It finally succumbed to the intoxi- 
cation in spite of the presence of diphtheria antitoxin in its blood. 

If* in these examiiles, Ave have any reason to doubt the specific 
^ Bari. kUn, Wchnackr,, lUOl, JS. 157. 
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nature of the intoxication, all doubt must give way before the case 
described by Brieger^ One of his goats, well-immunised with tetanus 
toxin, which, for months, liad furnished a good serum and even an 
antitetanus milk, after an injection, stronger than the preceding ones, 
was seized with tetanic contractions. Tliese, becoming genend, 
brought about tlie dea^i of the animal Avith the symptoms of classic 
tetanus. The Wood, drawn off after death, exhibited strong antitoxic 
power. 

As the result of these ol>servations von Behring formulated the 
theory of a hypersusceptibility acquired during immunisation- Para- 
doxical as it may appear/’ lie Avrites^, ‘‘tlicre can no longer exist 
any doid)t that horses which have acquired a high immunity as the 
result of treatment Avith tetanus toxin, present a histogenic hyper- 
susceptibility of the organs Avliich react against the tetanus toxin.’* 

In support of this thesis von Behring compares the effect produced 
by this toxin on horses immunised Avith this same poison and on 
normal horses treated Avith antitoxic serum from other horses. The 
former, in spite of the fact that they contain in tl)eir blood 1,500 times [38Sj 
more antitoxin than do the latter, are, nevertheless, less refractory 
to tetanus toxin. This feeble resistance is due, in von Behring’s 
opinion, to the much greater susceptibility of the living elements in 
the horses treated Avitli repeated doses of the poison. 

Von Behring's theory of this form of acquired specific hyper- 
susceptibility has been confirmed by several Avell-observcd facts. 
These show that, in the animal subjected to treatment by toxins, 
phenomena of very diverse order ai'e CA^olved simultaneously : on the 
one hand, cell reactions which bring about the production of anti- 
toxins ; on the other, an increase in the susceptibility of some of the 
living elements to tlie S])ecific poison. AV’^e are, howev^er, justified 
ill asking if the great difference betAveeii the immunity of animals 
treated Avith toxin, and that of others treiited with antitoxic serum, 
can be altogether attributed to this hypersusceiitibility? 

Let us examine in a little more detail some examples of this 
hypersusceptibility. We kiioAV that the guinea-pig is characterised 
l)y its great natunil susceptibility to the toxins of tetanus aial diph - 
theria. Small doses of these poisons are quite sufficient to pn>dm:c 
in it a fatal intoxication. But it is jiossible to diminish greatly this 

^ Ztschr.f Jfyg.j Leipzig, 1895, Bd. xix, S. 109. 

“ADgemeine Therapie der Iiifectioiiskraiikheiteri,” in Eulcnburg n. Stuiiuora 
“Lehrb. d, allg. Therapie,” Berlin u. Wien, 1899, Bd. nr. 

11 





370 


Chapter XII 

feeble resistance of the guinea-pig by frequent injections of veiy 
small quantities of toxin. Knon*^ inci’eased tlieir susceptibility to 
tetanus toxin by daily injections of one-tenth of a minimal lethal 
dose. The animals died before they had received the ten tenths of 
this dose. The hyi)ersusceptibility produced under these conditions 
might be so great that one-fiftieth of the mipimal lethal dose was 
capable of causing death. From these facts ^ye can understand 
the great diflifulty experienced in the earlier attempts to vaccinate 
guinea-pigs by means of unmodified toxin. 

Yon Behring and Kitasliima- made analogous researclies on the 
susce])tibility of guinea-i)igs to diphtlieria toxin. 'By frequent in- 
jections of very small doses of this i)oison they succeeded in killing 
tljcse animals with of the minimal lethal dose (lidrihuted over 
several injeeftons. They never succeeded in vaccinating guinea-pigs 
with increasing doses of pure diphtheria toxin. Their animals died 
even when tliey coinmeiiced with one-millionth of the minimal lethal 
dose. 

Here, then, wc have examples of the greatest hypersusceptibility 
that it is possible to observe. When wc compai’c it with the 
changes in the antitoxic power of the blood, Ave find that these are 
CA’en more marked. Thus, Sidonmnsen and iMadsen’s horse, to which 
AA'e liaA'c already referred, presented extraordinary oscillations in this 
poAA'cr. After receiving, during the course of immunisation, a fresh 
dose of diphtheria toxin, the antitoxic value of its blood suddenly fell 
more than onc-thir<l (Ho ”/„). In order to neutralise, com[)letely, this 
♦lose of toxin, when injected into a normal animal mixed Avitli anti- 
toxic serum from this same horse, a A-eiy small quantity of the blood 
of the latter Avoidd have been suflicient. The injection into the 
iramuuiscd horse should have passed unperceived, as this animal 
contained in its body move than 50 litres of strongly antitoxic blood. 
Nevertheless the antitoxic power of this blood fell 12,000 times 
more than it ouglit to have fallen' according to the calculation made 
upon the data just indicated. This fall is incomparably greater than 
the increase of susceptibility to toxin in the most significant examples 
re])roduccd above. 

As the fact iibove cited is not at all unique, it is probable that 
the phenomena which appear in the animal subjected to vaccination 

^ “E.\i)criiiientello Untersnclnuigeu fiber die Grenzen dor Hciluitg'smdglichkcifc 
do.5 1’ctiiims,’’ Marburg, IS!)!), IS, IS). 

2 IJcrl Idin. Wchmehr., ISOl, S. 157. 
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by toxins, must be much more complicated than is usually sup- 
posed. If the fresh injections of these i)oisons bring about a 
specific hypersensitiveness on the one hand, and on the other a great 
fall in antitoxic power, followed by its still more notable augmentation, 
it is evident that the introduction of toxins must give rise to a great 
jierturbation in the functions. The general analogy between 
acquired immunity against micro-organisms and against toxins pro- 
bably rests on similar bases. Kretz^ has already * advanced the 
hypothesis that, in antitoxic action, two fiictors, comparable to the 
cytases and fixatives in the antimicrobial action, co-operate. In the 
absence of one 6f tlicsc elements we can understand that the one 
which remains may be incapable of bringing about tlie neutralisation 
of tlie toxin. For this reason the antitoxic serum may act very 
diflerently in the organism of the animal whicl) produces it and in 
that of a normal animal which receives it. An explanation which is 
adequate for the antitoxic action of the blood of the crayfish injected 
into mice serves equally well in the case of the antitoxic influence [390] 
of the serums of animals w hich themselves succumb to intoxication. 

^Vassermann’s- experiments on the anticytase serums miglit 
a])pcar to siq:)ply an argument against the hypothesis w^e are de- 
fending. Having sliowii that animals injected with antityphoid serum 
die of intoxication Avhen serum wi)ich prevents the action of the 
cytases is introduced simultaneously, Wassermanu put tlie question : 

May not the action of tlie antitoxins be prevented by this same anti- 
cytase serum? To solve this point he injected into guinea-pigs a 
mixture of antidiphtheria serum with toxin in excess and a fairly 
strong dose (3 c.c.) of anticytase serum, upon wliicli wo have already 
spoken (see Chapter VH). The animals, so treated, behaved exactly 
as did tlie animals used for control wliich received the same 
quantiiies of antitoxin and toxin but wutliout the addition of anti- 
cytase serum. Wassermanu concludes from these experiments that 
tlie exclusion of the cytase, contrary to what takes place with anti- 
microbial serums, in no way impedes tlie action of the antitoxins. 

This conclusion, which appears at first sight to lie justified, cannob 
howover, be accepted, as the two examples chosen by Wassermanii, 
typhoid infection and diphtheria intoxication, difler very profoundly 
from each other. In the former, wo have an experimental typhoid 
peritonitis which kills the control animals in less than 21 Jiours, 

^ Zlschr.f HeilLy Berlin, 1901, Bel. xxn, S. 1. 

^ Zlsclu\f. Leipzig, 1901, Bd. xxxvir, S. 194. 
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■whilst the second is diphtheria in Avhich the controls do not succumb 
until the sixth daj' after injection. The effect of the anticytase 
serum being- only very transitory, it is quite natural that this shoxdd 
manifest itself in an infection of short duration and should not do so 
in a slow intoxication. Besides, Wassermann liimsclf has shown that 
in several other cases of immunity against micrii-organisms (the bacilli 
of influenza and of ]ei)r()sy) tlic injection of liis anticytase scrums does 
not interfere With tlic perfect resistance of the animals. But even 
were it demonstrated that the cytases really play no part in immunity 
against toxins, the intervention of some other similar factor could 
alwajs be evolved. * 

Tlie analogy between immunity against micro-organisms and that 
against toxins may facilitate the study of the relations between the 
latter and the antitoxic power of the body fluids. In the preceding 
[ 391 ] chai)ters we have described examples in which animals i)ossess a 
protective poAver in their blood but are not refractory to the coitc- 
sponding infection ; on the other hand, we have cited cases in Avhich 
acquired antimicrobial immunity exists without the blood presenting 
any appreciable protective poAver. The idea of measuring acquired 
immunity against micro-organisms by the mcasui-einent of the pro- 
tective or agglutinative poAver of the blood must therefore be 
abandoned, and it is impossible to regard imumnity against toxins 
as a function of the antitoxic pi-operty of the body fluids. As we 
have seen, animals completely refractory to tetanus, such as the 
cayman, Avhose immunity does not depeml on the antitctanic poAver of 
the blood, develop antitoxin after the injection of toxin, A similar 
state of ail'aiis, but less pronounced, has been demonstrated by 
Vuillard as occurring in the foAvl. The foAvl, in spite of its very 
marked natural immunity against tetanus, pi-oduces antitctaniii as the 
result of the introduction into its body of tetanus toxin • the i-abbit, 
on the other hand, a susceptible animal, may acquire a real immunity 
Avithont the development of any antitoxic poAver in its fluids. An 
additional fact Avas noted by Vuillard h lie shoAved that the repeated 
inoculation of tetanus spores along with a small quantity of lactic 
acid, made below the skin of the tail of rabbits procured for them an 
immunity against tetanus toxin, althougli no antitoxic property ap- 
peared in their blood. In his experiments, one hundred volumes of 
blood serum were found to Iha incapable of neutralising a single 
minimal lethal dose of the toxin. The rabbit, hoAvever, still remains 
1 Conipl. rend. Soe. de Mol., Paris, 1891, p. 4C4. 



Artificial immunity against toxins 


373 


(juite capable of developing aiititetanic power in its fluids. All tliat 
is necessary is to inject into it some tetanus toxin heated to CO'" 0. or 
treated with LiigoFs iodo-ioduretted solution. As the outcome of his 
researches Vaillard concludes that the antitoxic property of the body 
fluids ‘4s not suflicient...for the general interpretation of acquired 
iininunity, as it cannot be demonstrated in all animals wliich have 
become refractory.” 

The facts I have just mentioned were demoiistrat^id early in our 
study of the antitoxic power of the animal organism. Since then a 
large number of aiialogous data liave been collected. Recently, von 
Behring and Kiifishima^ liave liad to abandon the iininunisation of 
monkeys jigainst dii)htheria toxin because of the poor yield in anti- [302] 
toxin wliich they obtained. The blood of one of their monkeys that 
had acquired a resisting power against very lai'ge doses of diphtheria 
toxin sliowed only a very moderate antitoxic power. In cstablish- 
uieiits where antitoxic scrums are prepared on a large scale the 
Avorkers have become convinced that the 3 'icld of antitoxin has no 
direct constant ratio to the immunity of the animal. This has been 
demonstrated repeatedly at tlic stables of the Pasteur Institute. 
Thus, of two horses, treated at the same time and in exactl}^ the 
same way with diphtheria toxin, one furnished a very good antitoxic 
serum Avhich was maintained at 200 units J^^hrlich, rising u]) to 400 
units, whilst the other never reached 150 units^. And yet both tliese 
animals possessed the same immunity against diphtheria toxin. They 
tolerate considerable doses of toxin and react merely by a slight or 
insignificant rise in temperature. In another series of horses, which 
have been immunised for nearly seven years, one remained capable of 
yielding a large quantity of antitoxin, seeing that the value of its 

^ Berlin kiln, Wclimclir,^ lf)01, 8. 157. The idea of immunising monkeys against 
diphtheria was suggested von Behring by the fact that the immunity conferred ly 
scrums was the more durable the nearer the rolatitm between the scrum used and 
tlie blood of tlie species which rcceivcB the protective injection. Von Behring 
supposed that the diphtheria antitoxin, introduced into the hnriian body, would be 
maintained there longer, if the aiititr»xic serum injected came from monkeys, si^ccios 
much nearer man than is the horse, the usual source of antidiphtheria serum. 1 
immunity conferred by this horse serum is generally of very short duration. 

- Ehrlich’s antitoxic unit is adopted by most investigators not only in Germany, 
but also in other countries. This unit corresponds to 1 c.e. of serum cu]>al)le of 
neutmlising 100 lethal doses of a standard toxin, i.p. that used to establish tlie first 
standard of antitoxin. The serum must be injected after lieing mixed in vitro with 
the toxin. The neutralisation must be comx>leto and give rise to iio wyaiptom of 
intoxication. 
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serum oscillated between 200 and 300 units. After five yeai-s of tins 
state of things the antitoxic power began to fall considerably, Avith- 
out, however, any corresponding loss of immunity. Indeetl, an 
injection of 2.')0 c.c. of toxin (of Avliich 0’002 c.c. was sufficient to kill 
a guinea-pig) began, at the cominenccment of the present year, to be 
borne without the least febrile reaction. An attempt was made to 
raise tlie antitoxic power of the blood by making intravenous in- 
jections of toxjn and of dijditheria culture, but in vain. Tlic yield of 
antitoxin continued to fall and it became necessary to employ this 
horse fo)- anotlier j>uri)ose than the itrej)aration of antidii>hthcria 
serum. This is by no means an isolated example. Of a large number 
[393] of treated horses it frcqucntlj' luapjAens that certain individuals, Avith- 
out l)cing pai'ticularly susceptible to a given toxin, arc found to be 
incapable of producing any corresponding antitoxin k 

In presence of the fact tliat animals very resistant to toxins may 
])osscss no, or only an insignificant antitoxic i>OAver in tlu'ir fluids, 
and that, on the other hand, animals in wliicli this property is 
highly developed may succumb to intoxication, it may be readily 
understood that immunity against toxins and the antitoxic power 
of the body fluids may be tAvo distinct conditioiis. Von Behring 
has clearly demonstrated the fact of tlie cellular liypersensitive- 
ncss of the animal immunised against the corresponding toxin 
and has laid great stress upon this fiict. He came^ to the con- 
clusion that “the immunity of the tissues and the pi-oduction of 
antitoxin follow a [)arallcl course in their development so slightly 
that, in spite of an abundant accumulation of antitoxin, the suscepti- 
bility of the elements of the tissues may increase in an extraordinary 
fashion.” If, during the course of immunisation, this suscc|itibility 
can increase so greatly, it is probalde a priori that under certain 
circumstances it miglit also diminish notably. After demonstrating 
“that in time the antitoxin disappears from the blood of animals 
immunised Avith toxins Avitliout any conseqAient <lisappcarance of 
immunity,” von Behring formulated the conclusion that in these 
animals “the living elements of the animal, which Avere previously 
susceptible to the poisons, liave acquired an insusceptibility toAvards 
the same substances.” This result fully accords Avith the facts of the 
change of the negative chemiotaxis of phagocytes into j)ositiA'c 

^ Tliese observations were communicated to mo by M. Prevot, the director of the 
serotlierapeutic station of the Pasteur Institute at Giirclics. 

® DmUche tried. JVchnachr., Leipzig, 1893, SS. 1253, 1254. 
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chemiotaxis for micro-organiBiiis during the acquinition of aiiti-in- 
fectivc immunity. 

Later, von Behring^ clianged liis opinion. WliiLt still accepting 
tlje change of cellular susceptibility in the direction of hypersensi- 
tiveness in animals immunised against toxins, he refused to admit 
the ch«ange in the opposite direction. The cells, according to liim, 
never lose any of their susceptibility, so that acquired immunity 
against toxins cannot be obtained otherwise than^ by means off 
antitoxins capable of neutralising the poison in a 8uscej)tiblc or 
hyi)crsusccptible animal. This new theoiy \on Behring upheld 
in several papei’t; and it is met Avith in his mo>st recent publications. 
Nevertheless, certain Avell-established facts compel us to accept an 
immunity against toxins us coming about as the result of a diminu- 
tion of the susceptibility of the vaccinated animal. Barallel with his 
researches on the increase of the susceptibility of guinea-pigs to 
tetanus toxin, researches discussed above, Ivnorr " describes analogous 
experiments on rabbits. When these animals are injected with 
fractions of the minimal lethal dose, frequently rei)cated, the 
rabbit not only docs not become liypersusceptible to tetanus but 
exhibits a greater and greater insusceptibility. Whilst guinea- 
pigs, treated according to this method, die from tetanus before 
they have reached the minimal lethal dose, rabbits, as the result of 
frequent injections of small quantities of tetanus toxin, l>ecomo 
capable of resisting five times the lethal dose (for normal rabbits) 
without exhibiting the slightest symptom of illness. Against the 
attribution of this result to the acquired insusceptibility of the living 
animals it might be objected that the immunity, in this case, may 
depend on tlie antitoxic poAver of the fluids of the body, developed 
Avith great rapidity. Such an objection cannot be raised in the case 
of horses Avhich become insusceptible to toxins after a long period 
of vaccination. The horse Avhose history Avas given above, Avhen 
discussing the diminution of antitoxic power, may serve as an ex- 
ample. At the commencement of its vaccinal period, in 1894, it 
reacted to the injection of 10 c.c. of diphtheria toxin by a lisc of 
temperature of I"" C. Four years later, wlien its blood had bccoiite 
very antitoxic (350 units per c.c.), it Avas necessary to inject 350 c.c. 


’ Article “ Immunitiit ” in Eulenburg’s Realencydopddie, AuH., Wien, isiKi ; 
«eo also his ‘‘ Allgemeine Therapie tl. Infoctionskranklieiteii,’' in bnletil>urg u- 
Samuers ‘'Lelirb. d, allg. Therapie, Ocrlin u. Wien, 1S99, JBd. in, SS. 090 , 997. 

^ Op. ciL Biipm p. 370, S. 19. 
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of toxin to obtain the same rise of temperature. Quite recen%, 
having now lost the greater part of its humoral antitoxic power, 
this liorsc exliibitcd no rise of temperature after an injection of 
25()c.c. of strong diphtlieria toxin. The diminution of the specific 
snscei)tibility is produced in this case in a most marked fasluon ; it 
is not therefore to the antitoxic proi^erty of the body fluids that 
this case of immunity must be attributed. 

The insusceptibility acquired aguinst poisons of difierent kinds 
is observed also in eases where the adaptation is not accompanied 
[395] by the production of humoral antitoxic properties, as in the im- 
munity of frogs against abrin. This form of immunity may be traced 
through the organic series down to such lowly developed organisms 
as the plasmodium of the Myxomycetes, which as we liave seen 
rearlily becomes adapted to diflerent poisons (see Chapter II). 

It can be clearly seen, then, that immunity against toxic sub- 
stances is a very conq)lex phenomenon which it is impossildc to 
reduce sinqjly to an antitoxic tunction of the fluids of the body. 
For this reason avc cannot accept a theory which would confine this 
kind of immunity within the narrow limits of a simple reaction 
between two substances, a reaction quite comparable to that observed 
in a test-tube. Attempts have been made to determine with almost 
mathematical precision the conditions under which it is possible to 
communicate to the animal a resistance against microbial toxins and 
formulae have been constructed to define these conditions. But 
the ap[)Iication of these formulae luis been fomvd to be a mucli more 
diflicult matter. In Prussia, Avith the sanction of the Government, 
regulations have been enacted as to the procedure to be followed 
in the testing of antitoxic serujiis, and a paragraph has been added 
Avhich re<piires a post-mortem examination of the guinea-pigs em- 
ployed for this purpose in tlie case of diphtheria antitoxin. “The 
<lead animals,” says this instruction, “must be submitted to a post- 
mortem examination, and special gittention must be directed to the 
presence of any pre-existing diseases (tubci'culosis, pscudotuber- 
culosis, pneumonia) which may have induced hypersusceptibility in 
the animals under experiment.” Do Ave not see in this a proof of 
the important intervention of the organism of the living animal 
Avhich may modify the results of calculations based upon too rigorous 
formulae? It must not be forgotten, too, that in addition to the 
three diseases named in the instructions, aa’^c have a number of other 
factors Avhich may influence the receptivity and the resistance of 
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animals. We liave already cited Roux and Vaillard’s experiments 
Avliich demonstrated that even animals which have been previously 
subjected to vaccinal inoculations against certain micro-organisms, 
exhibit a hypersusceptibility to mixtures of toxins with antitoxins. 

In view, then, of this complexity of the phenomena of acquired im- 
munity ag-ainst toxins, it would be very important could we learn 
something of the nature and origin of antitoxins. Unfortunately, 
as we shall sec, these questions are, as yet, far from having received 
a satisfactory solution. 

Struck by the fact that antitoxins exert a specific action on the 
toxin whicli has^ been employed in the treatment of tlie animals that 
])roduce the serum, certain observers have sought an explanation on [396j 
the hypothesis of a transformation of toxin, into antitoxin. We have 
already seen that antitoxic action is not alwa)’s absolutely specific ; 
we have scrums wliich prevent intoxication by various kinds of 
poisons, c.g. antitetanus scrum, which is active against both tetanus 
toxin and snake venom. There is, however, a great quantitative 
difference between the influence of the antitoxin on the toxin with 
Avhicli tlie animals have been prepared and on a different poison. 
Thus, in the example just cited, in order to neutralise snrdve venom 
it is necessary to use a much larger quantity of antitetanus serum 
than against the toxin of tetanus. The classical exanq)le of the 
specific influence of antitoxins is the absolute inactivity of anti- 
diphtheria serum tvgainst tetanus and the same non-cflect of anti- 
tetanus scrum against diplithcria intoxication. The most simple 
explanation of this sjiccificity of action appeared to be the sup- 
position that each antitoxin contains a part of the corresponding 
toxin, modified by the organism of the animal. II. Buchner^ advo- 
cates this hypotliesis. I myself “ said “ that it is probable that 
antitoxins, at least in great part, represent a modification of the 
toxins prepared by certain cells in the animal body; this product 
is then poured into the blood.” ^ This vicAV was stated as a “ jiro- 
bability ’ and consequently contains no aflirmation in the least 
definitive. I W'as, therefore, quite prepared to give it ui> under 
the weight of the crushing criticism formulated b}' several vei'.v 
distinguished observers. It was objected ; first, that antitoxin i^ 
produced by animals in very great disproijortion to the (juantity of 
toxin they have received ; secondly, that the animals whieh receive 

^ Mliuchen, mecL VVcJuinchr,, 18.93, S. 380. 

^ ‘‘Immunitat ” in Weyl's “llaudbueh tier Mygieiic/’ Jciia, 1807, 43. 
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un injection of antitoxin eliminate it from their body much more 
rai)id]y than do those whicli prepare it in their own body; tliirdly, 
tluit antitoxins are vsoinetimes found in the blood of healthy animals, 
who liave had no attack of the disease nor any injection of the 
specific toxin. Let us examine these objections more closely, ob- 
jections all based on well-established facts. 

It has been shown tliat the antitoxin produced by the animal is 
siiflicient to neutralise a quantity of toxin much greater than that 
winch was injected into the animals supplying* tlie antitoxic serum, 
[397] Knorr\ from liis exi>eriments, calculated that a liorse reacts to one 
unit of toxin by the production of 100,000 units o£ antitoxin. This 
statement certainly does not allow us to afTirm that all the antitoxin 
coiTcsponds to toxin, but it does not eliminate the possibility thjit 
toxin, subjected to the influence of the cells of tlie animal body, 
may be found, in a modifie<l form, in the product of these elements. 
This hypothesis would be quite suflicieiit to explain the very remark- 
able spcciticity of antitoxins. 

If the toxin, in order to be modified by the living cells, must be 
subjected to some special action on the part of the latter, we can 
readily understand that this process must demaml a greater or less 
length of time; tliis would lead to a much slower eliinination of 
tlie antitoxin than in the case wliere it had been injected, ready 
prepared, into a normal animal. From tlie commenceinent of his 
researches on immunity against poisons, Ehrlich’^ distinguishes twa) 
kinds of this immunity, an actim imnmuity wliich is obtained as 
the result of the introduction of toxins into the animal, and a 
immiinittjj another form of tlie refractory condition whicli is 
set up by the injection of antitoxic serum formed in the actively 
immunised animal. Von Behring'^ applies the term isojmthk im- 
rauiuty to active immunity, and to passive immunity that o^ant^tOQcic 
immunity. It is generally admitted that the first kind of irmnunity 
is more slowly acquired, but that it^persists for a much longer period 
tliaii the second (passive or antitoxic immunity) which is acquired 
immediately after the introduction of the antitoxin, but which, on 
the otlicr hand, lasts for a short time only. Tliis view is supported 
by numerous observations on the very rapid disappearance of the 

^ Munclmi. med. Wchnschr,^ 1898, p. 3‘21. 

2 Deutsche med, Wchmchr.j Leiiizig, 1891, SS. 976, 1218; [Ztschr. f. Ify(J., 
Leipzig, 1892, Bd. xii, S. 18;i]. 

' “Allgenieine Tlierapie dcr Infectionskrankheiteu " in Eulciibiirg u. Samuers 
“Lehrbuch der allgemeine Therapie,’^ Berlin u, AVieii, 1899, Bd. iii, S. 997. 
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refractory condition. According to von Behring the great difference 
in the duration of the isoi)athic and antitoxic imnumities k only au 
api)arcnt one. It is due to the fact tliat antitoxins are usually 
introduced along with the serum of diftercnt species wliich sets uj) 
a strong reaction and is rapidly eliminated from tlie animal. Thus 
the antitoxic serum of the liorse is usually injected into small 
animals such as guinea-pigs, rabbits, and mice. When, howevei*, 
von Behring injected horses with antitoxic serums from, other liorses, 
tlie antitoxic immunity lasted almost as long as in animals vaccinated 
with toxins. Ransom^ has developed this thesis in a work carried out 
in von Behring's nliistitute at INIarburg, and supports it by compara- 
tive researches which demonstrate the more rapid disappearance of 
the antitoxin when introduced with the serum of a different species 
tluin when introduced with that of the same sj)ecies. 

Even sliould we accept the current view on tlie greater duration 
of the antitoxic power of the blood in isopathic immunity, the hypo- 
tliesis of the transformation of toxin by the cells of the animal is 
not nece>ssari]y invalidated. If a part of the toxin introduced into 
the animal remains stored for some time in an organ it is evident 
tliat only gradually can it be subjected to the transforming action 
of the cells. It is impossible, in the present state of our knowledge, 
to demonstrate this proposition, but we may invoke in its favour the 
prolonged persistence of red blood corpuscles when iiitrodiiced into 
tlie body of a diflerent species of animal (see Chapter IV). Tliese 
corpuscles are in the end always comidetely digested but the process 
is of long duration. 

The same hypothesis will also explain a foct, first demonstrated 
by Roux and Vaillard ^. They have shown that after repeated bleed- 
ings of rabbits immunised against tetanus, the antitoxic property 
of tlie lilood was soon raised to almost the same value as before. 
K!?alomonsen and Madseii'" have confirmed the fiict of the regene- 
ration of antitoxin after the bleeding of their animals (horses and 
goats) immunised against diphtheria. Those authors wdio do not 
accept the possibility of the transformation of toxins in the iiroductioi 
of antitoxins, regard these facts as absolutely incompatible witli the 
hypothesis which they attack. Thus, Weigert^ considers tiiat the 

1 Jourru Path, and BacterioLy Ediiu and London, 1000, Vol. vx, ISO. 

2 Ann. de VInst. Paste Paris, 1893, t. vii, p, 82. 

3 Ann.de Vlnst. Pasteur, Paris, 1898, t. xii, p. 703. 

^ Op. cit. supra, p. 363, iv Jalirg., S. 122. 
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regeneration of antitoxin after bleeding can only be understood 
by accepting that antitoxin, like the blood, may be reproduced in 
the actively immunised animal without any fresh introduction of 
toxin. It is, however, just as simple, we think, to explain the fact 
in question by tlic hypothesis of a provision of toxin stored up in 
[399] certain cells. This also is sufficient ex[danation of another observa- 
tion made by Salomonsen and Madsen^, who showed that pilocarpiu 
is capable of, augmenting the production of antitoxin. Since it is 
the living cells which transform the toxin and excrete the antitoxin, 
it is quite natural to suppose that every factor whicli stimulates cell 
function may be capable of cjuising an increase of 'the product trans- 
formed by the cells. 

The third argument invoked against the possibility of the trans- 
formation of toxins into antitoxins is based on the fact that the 
serum of normal horses has sometimes a certain degree of antitoxic 
power against diphtheria toxin. The hoi*ses have never suffered 
from diphtheria, therefore the antidiphthcriu of their blood has 
nothing to do with diplitheria toxin. It ’s not known why the 
blood scrum of certain untreated horses is from the first active 
against diphtheria toxin, whilst that of others exerts absolutely no 
action on the same poison. We know only that this property is far 
from being constant in the equine species. Perhaps it is acquired 
as the result of the penetration into the animal of some j)seudo- 
diphtlicria bacillus, whose frequency and number are very great. 
In order that the mienffiial products may give rise to the formation 
of antibodies, it is not at all necessary that the micro-organisms 
should produce an evident disease. Thus, to cite one example only, 
Foerster- observed a considerable agglutinative power against the 
typhoid cocco-bacillus in the serum of a child M'hich was found 
living among a family of tyi)hoid i)atients but which, itself, pre- 
sented no morbid symptom. 

The criticism, directed against* the hypothesis that modified toxin 
enters into the production of antitoxin, may not be sufficient to show 
tlie incorrectness of this view ; it does not follow, however, that the 
view is right. In the i)rcsent state of our knowledge it is impossible to 
solve the problem definitely, and as the hypothesis of transformation 
gives us the best idea of the specificity of the action of antitoxins, 
it has a right to be taken into consideration as much as any other. 

^ Gompt rend, Acad. d. sc.j Paris, 1898, t. cxxvi, p. 1229. 

2 Ztschr.f. Ilyg., Leipzig, 1897, Bd, xxiv, S. 514. 
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Elirlich^ has formulated another hypothesis to explain, not only 
this specificity but the origin of antitoxins in general. This is the [400] 
ingenious hypothesis of side-chains or of receptors, which has already 
been considered in other cluipters of this work. It is now for the 
first time brought forward in relation to the antitoxins properly 
so-called, that is to say substances capable of preventing intoxication 
by microbial toxins, fn order to make his hypothesis as clear as 
possible Elulich begins by explaining its bearing on, the concrete 
extunple of tetanus antitoxin. “When Ave introdjice into an animal a 
small quantity of tetanus toxin, it is easy to obtain exact proof that 
it is quickly fixed by the central nervous system, probably by the 
motor cells of the ganglia ; that the central nervous system more 
than any other organ attracts the tetanus toxin and retains its toxic 
molecules very firmly.” There we have the side-chains of the proto- 
plasm fulfilling this rCde and subjecting the living protoplasm to tlie 
prolonged action of the poison. Once it is combined, the side-chain 
becomes incapable of fulfilling its normal function, and there is 
induced on the part of the living elements the iwoduction of ncAV 
chains of a similar character. Following the law that the reaction 
is strongex; tharx the action, thex'e is an over-production of these 
side-chains which fixxally so embarrass the cell Avhich has developed 
them that they ax'e e-xcrcted by it into the blood plasma. Onco 
e-xpelled into this plasma, they continue to manifest their affinity 
for the tetanus toxin, an affixiity Avhich inxist be eveix greater ixt 
the ease xvlicre the chaixis ai’e found in the blood thaxi when tliey 
wei’e connected with the cell. Owing to this affinity, these chains, 
xiow ixi the blood, fix the tetanus poisoxi introduced into the anixual 
and pi-eveut it from reaching the sxxsceptible nerve eleraexits. Anti- 
toxins, accordixxg to this hypothesis tire, tlici'eforc, nothing bxit ov'er- 
l»lxxs sidc-chaixxs poured into the body fluids. Ehrlich extends liis 
theory to a whole series of bodies capable of causing the formation 
of antitoxins and antidiastases, ‘fit is probable,” he sax's, “that all 
analogoxxs bodies can only become toxic to the animal on condition 
that the animal is capixble of fixing tlieir toxophore groups in certain 
of tlic oi'gaixs that ax’e important for its life ” (p. 17). 

According to this theory tetanus antitoxin nixist lArc-cxi-st in the 
central nervous system of the normal axximal. In tlie innnnnised 
animal, the side-chains must be lepx'oduced in vciy gx’cat quantity 

* “Pie W'orthbenicssung des Piphthcrielicilserums” (AVo*. Juhrb., Jiorliti, 1897, 

Bd. vx), SS. 19 — 17 of reprint. 
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[401] ill tlio nerve cells and pass tlicnce into tlie circulation. Indeed, 
Wassermann, a supporter of this theory, made a search for tetanus 
antitoxin in tlie nerve centres of normal animals. In collaboration 
with Takaki^ he made the important discovery that the brain 
and spinal cord of small mammals (guinea-pigs and rabbits) when 
triturated with tetanus toxin prevent the manifestation of its toxic 
action in animals most susceptible to tetanus. The brain was always 
found to be ,more active than the spinal cord. The property of 
neutralising the toxin of tetanus belongs to the solid iiarts of the 
nerve centres ; tlie fluid of the cerebral emulsion is incaiiable of 
exercising this action. t 

This discovery w-as soon confirmed. Ransom® demonstrated it 
almost at the same time, and independently of Wassermann and 
I’ukaki ; and the fact is indisputable. It remains to be seen whether 
the “antitoxin” of the nerve centres of normal animals is really the 
same as that which is found in the fluids of animals immunised against 
tetanus toxin, as is accepted by Wassermann and the other partisans 
of the side-chain theory. The former is characterised by a very local 
reaction ; it is incapable of being dissolved and distributed through 
the body of the animal. This is shown by iNlarie’s'* experiments, and 
my ow u^, all carried out in my laboratoi-y. All that is necessary is to 
introduce, beneath the dorsal surface of the thigh of a guinea-pig, a 
quantity of the cerebral substance sufficient to neutralise several 
times the lethal dose of toxin, and below the skin of the ventral 
aspect ot the same thigh, a lethal dose of this toxin, wdicn it will be 
found that the guinea-pig contracts a fatal tetanus. The antitoxic 
action of the nerve suljstancc extends, therefore, for a sliort dis- 
tance only ; it is strictly local. 

Hie view tliat the action of the substance of the pounded nerve 
centres is difl’erent from the neutralisation of the toxin by the anti- 
toxin of the body fluids is further confirmed by the fact tliat the 
fixation of the tetanus poison by the cerebral substance is very 
transient. We have showm that a mixture of toxin and jiounded 
cerebral substance, that docs not produce any' tetanic symptom when 
injected into the peritoneal cavity of guinea-pigs, sets up a grave 
tetanus wlieu it is injected subcutaneously into the thigh. In the 

^ BerllMn. 

® Deutsche, med. IVchnsehr., lieipzi^, ISOS, S, 68. 

“ Ann, de Vhut. Pasteur, Paris, 1S!)S, t. xu, j), ,<)l, 

* Ann. de VJnsl. Pasteur, Paris, ISOS, t xii, pp. si, 263. 
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lattei* case the toxin becomes separated from the particles of the [402J 
cerebral substance that had fixed it. Danysz^ convinced himself 
that the mixture of pounded brain with tetanus toxin when it is 
left in physiological saline solution, in distilled water, or in a 
10 7o solution of sea salt, allows the tetanus toxin to pass into the 
macerating fluid. The fixation of the toxin to the cerebral substance 
is, therefore, more comparable to the mordanting of colouring-matters 
by the tissues tlian to a real combination. „ 

Observers who have repeated the experiments of Wasserraann 
and Takaki have been greatly struck by the <liflerence between the 
action of the pounded cerebral substance and that of the living brain 
upon the tetanus toxin. Whereas the formei*, taken from the guinea- 
pig, an animal very susce[»tible to tetanus, prevented intoxication 
when e)\iployed in minimal dose, the living brain of the same species 
was found to be incapable of neutralising the most minute quantities 
of toxin. On the other hand, lloux and BorreF have shown that the 
brain of rabbits, whether untreated or vaccinated against tetanus, 
was very suscc))tible t(» the action of the tetanus toxin. This toxin, 
injected directly into the brain, set up in both groups of rabbits 
a special and characteristic cerebral tetanus. On the other liand, 
when a little of the certibral substance of the rabbits, mixed in 
rllt'o witli tetanus toxin, was injected into other susceptible animals, 
these remained unaftected. 

This great difference between the antitoxic action of the living 
brain and that of the pounded cerebral matter, ou the one hand, 
and the rigorous localisation of the antitetanic influence of this 
cerebral substance, on the other, have suggested to several observers 
tlie idea that the brain cannot be regarded as the organ of formation 
of tlie true antitoxin, such as is found in the fluids of immunised 
animals. This view has been expressed by Roux and Borrcl, Marie 
and ourselves. Knorr* also shares this vic^v, being struck by the 
fact that rabbits attacked by tetanus remain for weeks with contrac- 
tions, but arc incapable of producing in their nerve-cells sufficient 
antitoxin to disintoxicate them, although their blood is already 
loaded with dissolved antitoxin. 

At this period it was generally suppo,sed that, in accordance ^vitll 
Ehrlich’s theory, the hypothetical side-chains were ctipable, under [403] 

* Ann. de Vlmt. Pasteur, Paris, 1899, t. xiii, p. MO- 

2 Ann. de VInst. Pasteur, Paris. 1898, t. xil, p. 2-5. 

^ MiMchen. med. Wehuschr., 1898. 
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certain conditions!, not only of fixing the tetJinus toxin, but also of 
neutralising it. It was said, therefore, that these chains, repi’oduccd 
in large qiiantities in the cerebral cells, must exercise their neutral- 
ising action in the brain itself. Consequently, wheij it Avas seen that, 
in lloux and Iforrel’s experiments on Taccinated rabbits, this organ 
Avas itself affected, it Avas concluded that the brain must not be 
i-egarded as the producer of the antitoxin. 

Later, Ehrjicli and his supportei’S, amongst Avhom I Avill name 
especially Weigert, lawe deA*eloped the theory of side-chains in a 
much jnorc detailed fashion, leading to a different intcrpi-etution of 
seA’cral facts previously established. Elirlich disthiguishes in the 
toxin molecule a liaptopliore group AAdnich combines Avith the side- 
chain or the corresponding receptor of the living elements, and a 
tomphore group Avhich produces the poisoning of the protoplasm. 
The side-chains, inactiA'c for the toxophore group, neutralise only 
the hai)topliore group. Consequently, when these side-chains are 
numerous in the nerve elements Avhich produce them, they may be 
a source of great danger to this living element, by attracting the 
toxic molecules. In this case, these cliains, or receptors, serve to 
attract the poison, just as the badly adjusted lightning conductor 
attracts lightning. For this reason rabbits vaccinated against tetanus 
become tetanic when the toxin is injected directly into the brain. 
It is only at a distance from the nerve centres that the receptors, 
excreted into the body fluids, fulfil their role of true antitoxins. 
There they combine Avith the haptophore group of the toxic molecule, 
leaving the toxophore grouj) intact ; this latter group, hoAvcver, 
diverted from the nerve-cells, is iueapablc of exercising an injurious 
action. 

From this point of vieAv not only the cerebral tetanus of vaccinated 
rabbits, but also the hypersusceptibility of immunised animals, upon 
Avhich von Behring has so strongly insisted, may be explained. The 
argAiment, draAvn from these facts, against the nervous origin of 
tetanus antitoxin, loses, therefore, much of its Aveight. If we confront 
this hypothesis Avith the other data collected on the question, the 
solution of the problem becomes beset Avith great dilfieulties. Previous 
[ 404 ] to the discovery made by Wassermann and Takaki, I attempted to 
solve the problem by removing from foAvls portions of the brain and 
spinal cord, proposing to take advantage of the fact that birds, Avhich 
arc capable of producing antitoxin.s, Avithstand these oiAcrations fairly 
well. IMy hopes Avere not fidlilled ; I could never keep my foAvls 
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alive long enough to coin|)letc the experinient. We nui&it, therefore, 
for tlie present, be content with indirect arguments. If the nerve 
centres do really produce the tetanus antitoxin and excrete it into 
the blood, we ought at a given moment to liml in these organs a 
greater quaidity of tliis substance than in the blood and the other 
organs. The reader will recall tlie researches of Pfeifter and jVIarx, 
and of Deiitsch, who demonstrated the possession of a greater richness 
in protective substance by the phagocytic organs of animals, treated 
Avith micro organisms, than by the blood serum. The same result 
might be obtained by a comparative investigation of tlie tetanus 
antitoxin in the.*nervc centres and tlie blood of animals immunised 
against tetanus. My experiments directed to this ])oint have not 
been favourable to the hypothesis of tlie nervous origin of tetanus 
antitoxin. 

In fowls, killed as soon as tetanus antitoxin liegan to appear in 
the blood, the brain and spinal cord did not exhibit tlie slightest 
antitoxic powers We might be tempted to exiilain this result as duo 
to an ac(*umulatiou of toxin in the nerve centres which would prevent 
the manifestation of the antitoxin. For this reason, in my later 
researches^, I made use of animals that had been long immunised, 
but Avhose blood Avas still antitoxic. I killed a foAvl Avhich had not 
received any toxin for about eight months, and a guinea-pig into Avhich 
the last toxic injection had been made almost tAvo years before tlie 
date of this experinient. After removing a portion of the brain the 
blood of these two animals AA^as found to be more antitoxic than 
before the operation, Avliich indicated that the soui’ce of the antitoxin 
Avas as yet uninjured. To ascertain Avhetlicr this source Avas to be 
found in the nerve centres I made a comparative determination of tlie 
antitoxic poAver of the brain, of the spinal cord and also of several 
other organs, of the blood and of the exudations. The result was 
still negative. The iierA’C centres Avere found to be less antitoxic.* 
tlian the blood and other fluids of the body, and even less active than 
sucli organs as tlie liver and kidneys. 

In support of the hypothesis of the nervous origin of tetiinu^ [ to 
antitoxin there remains, then, only the fact of the retarding action 
of the cerebral substance iii)on tetanus. In the absence of other 
arguments this assumes a preponderating importance. We have seen 
that this action is based on a fleeting and not A^ery firm fixation of the 

^ Ann. de rinuL Piuteu'i\ Paris, 1897, t xi, p. 80]. 

2 Ann. de Vliut, PaMei(t\ Paris, 1S98, t xn, p. si. 
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toxin by certain parts of the brain and the cord. Are we jnstified in 
regarding this as comparable to the more stable fixation observed 
in living animals susceptible to tetanus intoxication? Soon after 
Wassermann and I’akaki’s discovery I pointed out that the pounded 
brain of frogs mixed with tetanus toxin does not prevent animals, 
into which this mixture is injected, from contracting fatal tetanus. 
This observation was confirmed by Counnont and Doyon^, in several 
series of exiJoriments carried out under various conditiojis. They 
found that “the brain of the frog, heated or unheated, when mixed 
with tetanus toxin even for several hours, at the temperature of the 
laboratory or at 38° C., even in considerable doses, aloes not possess 
any neutralising property.” This fact w'ould not be in any way 
wonderful if w'e had to do with au animal insuscei)tible to tetanus ; 
but in the frog, as w'e have said in the preceding chapter, this is far 
from being the case. In the cold it docs not readily become tetanic, 
but above 2.5° — 30° C. it becomes very susceptible. The turtle, which 
is very refractory to this intoxication, has a brain which, Avhen pounded 
and mixed with tetanus toxin, exerts a certain preventive power over 
susceptible animals. Nevertheless, the brain of the living frog, as 
demonstrated by Morgenroth, absorbs this toxin. There is, therefore, 
a difference betAveen the absorjAtion of the tetanus poison by the 
living elements and by the pounded cerebral substance. A similar 
result is obtained with several other toxins. Diphtheria poison is 
very toxic wdien injected directly into the brain of the guinca-ing or 
rabbit. Even the rat, as demonstrated by Roux and BorreD, is readily 
affected by this toxin under these conditions. Doses w'hich when 
inoculated subcutaneously arc w'cll borne by the rat, wiien introduced 
itito the brain set uj* a fatal intoxication in this animal. And yet the 
[406] brain, when pounded and mixed with diphtheria toxin, can never 
protect susceptible animals from intoxication. Numerous attempts to 
reproduce Was.serraann and Takaki’s experiment Avith the diphtheria 
poison have ahvays been unsucce8.sful. Attempts to obtain the same 
result Avith snake venom have also given negative results. Calmetti'^ 
made several experiments Avith emulsions of rabbit’s brain and snake 
venom Avith the object of ascertaining Avhether the elements of the 
nervous system possess against venom the same properties as against 
tetanus toxin. “None of these emidsions” — concludes Calmette — 
“ exhibited either the slightest protective or antitoxic poAver in vitro. 

^ Compt. rend. Soc. de Mol., Paris, 1S98, p. 602. 

* Ann. de I’lnst. Faeteur, V&vis, 189S, t xii, p. 2,3S. “ t.c. p. 343. 
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There is, therefore, no analogy of action between what takes place in 
the nerve elements against tetanus toxin and against veiionh’’ Nevei- 
theless venom, like diphtheria toxin and tetanus toxin in the frog, 
exerts an undoubted action on tlie nerve centres. 

Again, the protective fixation of poisons to the cerebral sub- 
stance is not tlie exclijsivc privilege of tetanus toxin. Tvempner and 
Schepilewsky ^ obtained the same result with the toxin of botulism 
(produced by van Ermengliem's anaerobic micro-orgaiiism which sets 
up intoxication of intestinal origin in certain cases of poisoning by 
food). The brain and spinal cord of the guinea-pig, when triturated 
with physiologiiJal salt solution and mixed with botulinic toxin, 
prevents intoxication in susceptible animals, exactly as in Wassermaim 
and Takaki’s experiments with tetanus. 

When Kempner and Schepile\vsky wislicd to obtain some idea as 
to the substance or substances in the nerve centres which fix the 
toxin of botulism and thus i)revent poisoning, they found tliat lecitliin 
and cholesterin, mixed witli this toxin or injected separately and 
simultancousl}', i)rotected mice just as completely as did the cerebral 
substance. On the otlier hand, they found a ditference as regards the 
two substances wlicn injected before the toxin was introduced ; they 
were then unable to inevent poisoning, though the cerebral substance 
exerted an undoubted i)rotective influence, Kempner and Sche])ileAv- 
sky also showed that heating altered the preventive action of lecitliin 
and cholesterin less tlian it did that of cerebral emulsion. 

Iliese okservers extended their researches to the protective action [407] 
of fats and dcmonstrateil tliat olive oil when emulsified and neutra- 
lised with soda and mixed with twice and even four times the lethal 
dose of botulinic toxin, prevented the contraction of a fatal poisoning 
by mice. Tyrosin also jirotected mice against this intoxication, not 
only when injected simultaneously with the poison, but even Avhen 
introduced into the animal 24 hours before the poison Avas a<l- 
ininistered. Kempner and Schc*[)ileAvsky conclude that not only 
with the substance of the nerve centres, but also with various other 
substances, they w^ere able to obtain a certain protective clfect against 
the toxin of botulism’' (p. 221). Tlieir experiments Avith cholesterin 
and tyrosin Avere suggested to them by the previous researclies of 
Iliisalix- who demonstrated that the bile salts, as Avell as the tAvo 

^ Zlschr.f, Hug.. Leipzig, 18.98, Bd. xxvir, S. 213. 

“ Oomjpt. rend. Acad. d. .vc., Paris, 1897, p. 1053; and 1898, p. 431 ; (-onipl. rend, 
de Paris, 1897, p. 1057; and 1898, p. 153. 
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substances I have just mentioueil, would protect animals against the 
venom of the viper. 

Bearing all these facts in mind, it appears to be probable tliat in 
the above cases it is i)rincip:vlly the fiitty matters of the nerve centres 
that temporarily fix these toxins, and allow the animal organism to 
divert the poisons from their morbific action. From this point of 
view, it is interesting to note that the toxic action of the tetanus 
poison can als® be prevented by other substances than the emulsion 
of the nerve centres. Tims Stoudensky^ demonstrated, in an investi- 
gation carried out in Roux’s laboratory, that carmine fixes the 
tetanus toxin and prevents its action on the guinea-pig. As in the 
case of the cerebral substance, this fixation by carmine is very 
unstable. When the carmine that has fixed the tetiinotoxin is 
macerated in distilled water it gives up the poison to the water Avhich 
is then capable of producing tetanus. Sucli fixation does not end, any 
more than in the case of the cei-ebral sidastance, in the destruction or 
disajjpearaTice of the toxin. Carmine if first dissolved or macerated 
in water (especiidly if heated) loses its fixative poner and can no 
longer prevent tetanus poisoning. Sterilisation, at 120°, 100° and 
even at 60° C., of the carmine, suspended in physiological salt 
solution, caused it to lose its protective action, although dry heat 
applied to it in closed tubes did not destroy this ])()wor. 

[408] In many respects carmine, wliich is derived esjiecially from the 
adi[)ose body of the cochineal insect, exerts an antitoxic influence 
analogous to that of maceration with the nerve centres. If fats play 
a special part in this action, we can readily uinlerstand how a brain, 
such as that of the frog, poor in fatty matters, cannot fix the tetanus 
toxin and ])revent its morbific action. In any case the fixet that 
certain substances of diverse nature, acting on toxins, exert an 
influence similar to that of the pounded mass of the nerve centres, 
does ivot allow us to acceixt Wassermanix and Takaki’s expei'iment as 
proving the nervous origin of tetanus antitoxin. The analogy with 
the fixets bear-ing on the anticytotoxins, collected and described in the 
fifth chairter, also tells against this hypothesis. We would here remind 
the reader tliat the two constituent parts of the antispermotoxin, 
the anticytase ami the antispermofixative, devcto]> iu castrated 
animals and are consequently pniduced outside the spermatozoa, 
elements susceptible to the spermotoxin. 'J’he facts collected con- 


> Ann. de I'lnsl. Pasteur, Paris, 1899, t. xiii, p. 126. 
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ccrning tlie jintiliaemotoxius indicate also that these substances liave 
some otlier origin than the red blood corpuscles. 

This latter supposition appears to be in contradiction to Ransom's^ 
very interesting reseai'clies on the haemolytic action of saponin, 
carried out in Meyer’s laboratory at Marburg. This glucoside, owing 
to its property of tixiiig itself on the stroma of these corpuscles 
dissolves the red corpitscles of many vertebrates. The cholesterin of 
this stroma combines witli the saponin, as the result of, which the red 
corpuscles become altered and allow the haemoglobin to dilfuse. But 
this same substance, cholesterin, which causes the poison to pencti*ate 
into the red blocvl corpuscles, prevents the solution of these elements 
when tliey are bathed in blood-serum. This fluid, in fact, acts as the 
antitoxin to saponin and does so just because it contains cholesterin. 

The cholesterin of the serum, fixing the saponin, prevents it from 
affecting the red cor[)iiscles, thus fulfilling the function of a Avell 
fitted lightning conductor. On the other hand, wlien the cholesterin 
of the stroma .of these coi [)usclcs is linked on to the saponin, it 
renders them the disservice of a defective lightning conductor. The 
accord between these facts and the postulates of Ehrlich’s theory led 
Ihinsom to suppose that in the haemolysins and antihaemolysins, [40,9] 
cholesterin perhaps jilayed a similar part. His exj^eriments con- 
vinced him that tins was not the case. As it is generally accepted, 
after Calmette^s^ expei’iments and according to h]hrlich^s view, that 
the alkaloids and the glucosides in general are incapable of setting uj) 
the formation of antitoxins, we might regard the attempts to find an 
antisaponin and to settle whctlier it is identical with cholesterin as 
useless. But in regard to these delicate questions we must be careful 
not to give too great weight to a priori aiguments. It was believed 
until quite recently that substances with very complex molecules, 
such as tlie albuminoids, toxins and soluble ferments, must always 
give rise to the production of antibodies in the animal ; whilst the 
simpler substances whose chemiciil nature >vas lietter defined couM 
never lead to this. Facts acquired in recent years have led to a 
modification of this vicov. In our fifth chapter we have already spoJvcn 
of the fruitless attempts of Ehrlich and Morgeuroth to obtain ccrlMin 
autifixatives. And yet the fixatives, as is shown by the results of 
the researclies of Bordet and myself, belong to the categor}' of 
substances which are quite capable of setting up the foj ination of 

^ Deutsche m(^d. IVchnschr.y Leipzig, 1.901, S. 104 . 

- Ann. de V lust. Paste tu\ Paris, Ib9i5, t. is, p. 244. 
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antibodies. Again, certain mineral poisons, quite unexpectedly, gave 
rise to the development of the counter-poison in the animal body. 
This fact forced itself upon Besredka^ in his researches on the 
adaptation to arsenic made in my laboratory. His experiments were 
undertaken for the purpose of stxidying the mechanism of the re- 
fractory condition against a poison, apart from any antitoxic action 
whatever, which, according to previous investigalions, seemed excluded. 
This action, hqwever, was exhibited in such a degree that it could not 
be ignored. The serum of animals immunised against arsenions 
acid was found to possess both protective and antitoxic properties 
against a dose of this poison killing a rabbit in 48 hours. It is true 
that Morishima®, in a research carried out in Hey man’s laboratory at 
Ghent, has tlirown doubt upon these results. His objections, how- 
[410] ever, cannot refute the statements of Besredka which rest on very 
precise and numerous experiments which I witnessed. Morishima 
left out of account several important circumstances and carried out 
his experiments without any continuous check by means of control 
animals. It must be said also that the rcs'stancc of the rabbit 
against arsenic depends on many different fixetors and tliat, at certain 
seasons, it is mxxch more difficult to adapt them to the poison tlian at 
others. It is only by numerous researches extending over a very long 
jieriod that we can arrive at precise and conclusive results. 

From these observations there is every inducement for us to 
attempt to ascertain xvhether, by subjecting animals to repeated 
injections of saponin, it is possible to augment the antisaponic power 
ot their blood-serum and whether, if this takes place, the antitoxic 
action is due to a rise in the amount of cholesterin in this serum. I 
therefore reipiested Besredka to carry out some experiments bearing 
on this point. Guinea-pigs, injected with progressive doses of saponin 
for more than two months, at the end of this period showed no 
increase in the antisaponic power of their serum. They followed the 
rule established by Ehrlich ; they.develoiied no antitoxin against a 
glucoside. Moreover, they gave us no nexv information as to the 
origin of these antibodies. 

In his first memoir in which the theory of side-chains is treated, 
Ehrlich insists on the nervous origin of antitetanin as an example of 
the production of antitoxins by animals susceptible to poisons. Now, 
however, that he has come to distinguish haptophore and toxophore 

1 Am?, de VInst. Pa.<stPMt\ Paris, 1899, t. xrn, p. 483. 

“ A?-ch. inlernal. de Pluirrtuicodijn., Gaud et Paris, 1900, vol. vii, p. 65. 
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groiips in the toxic molecule, it is to the sicle-chiiin, which fixes the 
first group, that Ehrlich attributes prime importance. “ The forma- 
tion of antitoxins ’’ — he says^ in the opening address at Ids Institute 
at Franktbrt — “would, therefore, be absolutely independent of the 
action of the toxophore elements.” In other words, for a cell to be 
capable of producing antitoxin, it is not at all necessary that it should 
be susceptible to the tbxic influence of the poison ; it is only necessary 
that it should possess receptors, or side-chains, capably of combining 
with the haptophore gi'oup of the toxin. Thus it is possible, as rve 
have described above, to produce antitoxins, with modified toxins [^n] 
w'hose toxic action is nil or almost so, but rvhich have retained their 
power of combiidng rvith antitoxic substances. According to Ehrlich, 
these modified toxins are toxoids, in which the toxojdiore group is 
completely destroyed; “whilst the haptophore group, the producer of 
immunising substances, is retained in its integrity.” It is evident 
then that, under such conditions, the tetaims antitoxin might be 
developed elsewhere tlian in the nerve centres, h’or that it would be 
suiricicut that outside the nerve cells there should be other living 
elements capable of fixing the tetanus toxin, or, to use Ehrlich’s 
phraseology, elements, possessing side-chains, having an affinity for 
the haptophore group of the tetanus poison. 

D(initz“ has already expressed the view that in the rabbit tlic 
tetanus toxin may be fixed not only by the nerve elements but also 
by the various other cells. 

The existence of such cells, outside the nervous system, is not 
merely hypothetical. It is shown very clearly in Roux and Borrel’s 
experiments on cerebral tetanus. In order to produce this disease in 
the rabbit, it is sufficient to introduce a very small dose of toxin 
directly into the brain. When inocidated subcutaneously with much 
larger quantities of the same tetonus poison, tlie rabbit remains in 
good health or exhibits merely a slight and transient tetanus. “ The 
resistance of the rabbit against the tcfiinus toxin, injected under the 
usual conditions” — conclude Roux and BorreF — “is not due, then, 
to a relative insusceptibility of the nerve centres, but to the fact 
that much of the poison introduced does not reach the nerve cells 
and is destroyed in some part of the animal.” In the guincii-pig, 
as shown by the same investigators, the difference of tlie d'jse of 
tetanus poison, necessary to produce fatal tetanus by iiitraci i obial or 

^ Seniaine mid., Paris, p. 41]. 

^ Deutsche med. Wclmschr., Leipzig, 1897, »S. 428. 
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by sul)cut'.iiicous injection, is mininuil or nil, from which it may be 
argned that in tins very suscejitible animal there is no destruction 
of toxin outside the nerve centres and that the wliole of the poison 
introduced makes its way without hindrance as far as these organs, 
Ehrlich, in his report to the International Congress of Medicine in 
Paris (August, 1900), accepted these I'csults, as seen from Ids tenth 
[412] and eleventh j)ro])ositions : “ The rece[)tors exist, sometimes in certain 
tissues only, s^unetimes in the majority of the organs (action of 
tetanus poison in the guinea-pig and in the rabbit),” “ ...the iiresence 
of numerous recejdors in the organs of less vital im])ortance may 
bring about — thanks to a kind of diversion of the tosin molecules — a 
diminution in the susceptibility of the animal to this toxin k” We must 
here recall the differences between the susceptibility of the guinea- 
pig and that of the rabbit to small doses of tetanus toxin frequently 
rejieatcd as in Knorr’s experiments already rcfcned to. The guinea- 
])ig, subjected to tliese injections, dies in a tetanic condition long 
before it has received the minimal lethal dose for this species when 
injected in a single dose. The I’abbit, on the other hand, is very 
tolerant of repeated doses and even rapidly acquires an immunity 
against five minimal lethal doses for the rabbit (injected at once). 
Kuorr explained this dilfereucc as due to the hypersusceptibility 
of the nerve centres in the guinea-pig and to their ac(]uired in- 
susceptibility in the rabbit. The experiments of Roux and Jlorrel 
on the cerebral tetanus of rabbits vaccinated against tetanus, have 
demonstrated that this insuscei)tibility is not produced in these 
animals. We must, tlierefore, seek some other exjdanation. In 
rabbits subjected to small repeated doses, the poison is more and 
more prevented by certain living elements from reaching the nerve 
centres. Further, it is neutralised by the antitoxin whicli is rapidly 
])roduced. We find from Knorr’s" researches that in rabbits anti- 
toxin ajipears in the blood in cases where, affected with a transitory 
tetanus, their limbs remain contracted for weeks. In guinca-jvigs, 
affected Avith the same form of tetanus, antitoxin in ai)preciable 
qiuintity is never found, even after couq>letc recovery. All these 
facts accoi'd with the hypothesis that there exist, outside the nervous 
system, certain living cells which absorb the tetanus toxin and pro- 
duce antitoxin. Rabbits and fowls possess this property in a much 

1 Compl. rend. Cormrh Mernat. de Medicine de Parit, Section do baetcriologie 
ct do parusitologie, Paris, p. 30. 

- Milnchen. med. Wchnxchr., 1898, S. 321. 
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greater degree tlifin do guinea-pigs. The fowl, according to Kuorr, 
develops “ a large quantity of antitoxin, wliilst the tetanic symptoms 
are still augmenting.’’ In this animal, as we have been able to show^, 
a portion of the tetanus toxin is absorbed by the leucocytes. liy [ 
exciting asei)tic exudations in fowls into which I had ])reviously 
injected this toxin, I was able to convince myself that these exuila- 
tions, much richer in feucocytes than was the blood, were also much 
more tetanigcnic than was tlic blood. I observed a'so a more or 
less pronounced leucocytosis after the injection of non-lethal doses 
of tetanus toxin into fowls. It is possible that the leucocytes were 
actual agents in protecting tlie animal against the penetration of this 
poison to the susceptible nerve centres. 

The great susceptibility of leucocytes to microbial toxins serves 
to indicate that these cells are of some importance in tlie struggle 
of the animal against these imisojis. Their injection usually sets up 
a marked hyperleucocytosis of the blood. On this point Chatenay -, 
working in my laboratory, has carried out a series of experiments on 
animals j)oisoued by l)acterial (tetanus and diphtheria), phanero- 
gamic (ricin and abrin) and animal (snake venom) toxins. lie was 
able to demonstrate a striking analogy between them and the pheno- 
mena which occur in bacterial infections. When death takes ])lace 
at the end of a very short jicriod, the number of leucocytes marke<lly 
diminishes; if the animal lives beyond 24 hours or re.sists completely, 
a hypei’leucocytosis, often of very marked character, is produced. In 
the guinea-pig, which is so susceptible to tetanus, the leucocytosis 
observed occurs even after injections of quantities of tetanus toxin 
equal to sevei’al lethal doses, and it is only after the introduction of 
an amount equal to one hundred times the lethal dose tliat tlie 
number of leucocytes remains stationary or shows a diminution. 
Here we have something analogous to what takes place against the 
anthra.x bacillus in the same animal. The penetration of this deadly 
organism sets up a marked leucocytosis, but the accumulated leuco- 
cytes are incapable of seizing the bacilli or of preventing their noxious 
action. In other species of animals, such as the rabbit and the foa h 
the intervention of the leucocytes against the anthi'ax bacillus, as 
well as against the tetanus toxin, is more effective. 

If this toxin, instead of being injected in solution, be introduced 
along with the bodies of the micro-organisms which contaitj it, the 

^ Ann. de VInst. Pasteur^ Pun's, 18.97, t. xi, p. 808. 

^ “Les reactions lencocytaires, vis-a-vis do certaincs toxiiies,’’ PariS; J ^94. 
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struggle on the part of the animal takes place under more favourable 
conditions and even very susc*eptible animals may afford evidence 
[414] that they offer a high resistance. Vuillard and Vincent^ liave 
shown that if we inject living tetanus bacilli, or the spores of these 
bacilli, deprived of free toxin, into guinea-pigs a great accumulation 
of leucocytes, wliich prevent the productioti of infection and intoxi- 
cation by devouring the bacilli and their spores, takes place. Tlie 
toxin containcvl in the ingested bacilli remains innocuous ; this afford- 
ing evidence of the protective jiart played by the leucocytes against 
the toxin. Tlie same interpretation may be offered to explain the 
survival of animals very susceptible to tetanus, when the tetanus 
poison, mixed with pounded cerebral substance or with carmine 
powder, is injected. In these mixtures tlie toxin, as mentioned above, 
becomes attached to certain subsbinces of the triturated brain or to 
tile grains of carmine. This fixation is very unstable, the toxin is 
readily set free ; but, when introduced into the body of the animal, 
the mixture induces a great accumulation of leucocytes which seize 
the ccrebicd particles and the grains of carmine and along with them 
take possession of the toxin. Wassermann and Takaki’s experiments 
and those of Stoudensky are easily explained if we assume two 
protective acts : the first of these consists in fixing the toxin, thus 
preventing it fi-om diffusing and laiiidly reaching the living nerve 
cells ; the second is the absorption of the toxin fixed by the leuco- 
cytes, — cells endowed with receptors for the haptophore group of 
the toxin, but insusceptible to its toxophoro group. When one 
of the two factors is absent, tetanus cannot be prevented. It is for 
this i-eason that in Courmont and Doyon’s exiieriments with emulsion 
of the frog’s brain, mixed with tetanus toxin, the inoculated animals 
died from tetanus in spite of an accumulation of leucocytes. This 
fact atibrds additional proof tluit, under these conditions, the toxin 
does not become anchored to the particles of the pounded cerebral 
substance, this anchoring being a condition necessary for the effective 
reaction of the leucocytes. 

The absorption of the tetanus toxin becomes evident when we 
study in detail the phenomena produced in the experiments carried 
out according to Vaillard’s methods with tetanus spores and those 
of Wassermann and Takaki with poison to which cerebral emulsion 
has been added, or according to Stoudensky’s method with grains of 
carmine. When, however, it is desired to bring forward rigorous 
* Amt. de Vlmt. Fcuteur, Paris, iS91, t. v, p. 1. 
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proof of the presence of the tetanus toxin inside the lc\icocytes [415] 
cliarged with spores, with granules of cerebral substance or with 
grains of carmine, very great difficulties are encountered, ilow, 
indeed, is it possible to demonstrate this poison fixed upon these 
various bodies, a poison, the presence of which cannot be demon- 
strated except by its injection into the animal ? For this, in the study 
of the reaction of the organism of the animal agailist the [>oisous, it 
is very important to liave recourse to substances, whose presence can 
be demonstrated more easily tlian can the microbial toxins. ^Ye must 
first have recourse to the alkaloids, es[)ecially atropin, wliicli, in this 
respect, present rumei'ous advantages. AVe know that rabbits resist 
considerable doses of sulphate of atropin, even when this poison is 
injected directly into the blood. On the other hand, when it is 
introduced into the brain, according to Roux and Borrers method, 
even small cpiantities are quite sufficient, as demonstrated by Cal- 
mette \ to produce a thtal poisoning. The intracerebral injection 
of the one-hundredth part of a dose wliich, when introduced into tlie 
circulation of the rabbit, produces no disturbance, in the same 
animal at the end of a few minutes sets up an enormous inipillary 
dilatation with symptoms of very lively excitation, increase of the 
reflexes, and general anaesthesia. These phenomena are succeeded 
by paralysis and death, which supervenes three or four hours after 
the injection. The natural immunity of the rabbit against atropin 
falls therefore into the same category as that against morphin. It 
is not due to tlie innate insusceptibility of the nerve cells, but to 
something which prevents the alkaloid from reaching these living 
elements. With the object of ascertaining the mechanism of this 
immunity, Calmette injected into the veins of rabbits a fairly large 
quantity of sulphate of atropin (0'2), he tlien bled these animals and 
collected from tlieir blood the plasma and tlie wliite corpusclcvS, 
separating them by centrifugalisation. When injected into the brain 
of otlier rabbits, these constituents of the blood did not act in the 
same way. Whilst large doses of plasma set up merely a short period 
of excitation and a very transitory pupillary dilatation, corresponding 
quantities of leucocytes caused grave disturbances, sometimes followed 
by death in from seven to twelve hours. Calmette concludes from his 
researclies that the atrojiin does not remain in the fluid part of the 
blood, since mere traces of it are found in tlie serum, but that it is 

^ “Ciuquantenairc do la Societe do Biologic,” Volume jubiluire, Paris, 1891), 
p. 202. 
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[ 416 ] seized and absorbed almost immediately by the leucocytes^. This 
result has been confirmed by Lombard- by another series of experi- 
ments. After injecting very large quantities of sulpliate of atr()[>in 
into rabbits and guinea-pigs, he bled these animals and separated 
out the elements of their blood. Instead of introducing these 
elements into the brain of rabbits, he injected them into cats, 
animals very sensitive to atropin. The eats Vhicli received tlie red 
corpuscles an/l the plasma exhibited very insignificant symptoms of 
poisoning. Those, on the other hand, which were injected with a 
corresponding quantity of leucocytes, had much graver symptoms of 
intoxication, such as photophobia with maximal papillary dilatation, 
dysphagia and peivsistent diarrlioea. 

It is, therefore, to the absorption of the atro[)iu by the leucocytes 
that naturally refractory animals owe their immunity, an immunity 
which is very marked in spite of the susceptibility of the nervous 
elements of these animals. We have been able to obtain this result 
thanks to the delicate physiological reactions obtained with certain 
alkaloids. As regards arsenic the demonstration could be pushed 
even further, for the absorption of this mineral poison by the 
leucocytes has l)een established by chemical analysis. 

When engaged in my researches on the leucocytic phenomena in 
intoxications 1 succeeded’^ in showing that in rabbits subjected to 
rapidly fatal doses of arsenious acid, there is a marked dimifnitiou in 
the number of wliite corpuscles in tlie blood. On the other hand, 
in rabbits habituated to arsenic, the same doses which brought about 
liypoleucocytosis and death of the control rabbits, induced a con- 
siderable rise in the number of leucocytes. Later, Besredka^ made 
continuous and detailed researches n|)on this subject and obtained 
most interesting results. Iii order to simplify the conditions of 
experiment, he studied the reaction of the organism of the animal 

[417] after the introduction of a red trisulphide of arsenic^, a not A^ery 

^ I'lio rapid disiip|)earaiice of poisoos'from tlie })loo(l is proved also bj the cx- 
perinieuts «)r von Behring, Donitz, Dccroly and Jlonsse {Arch. Inter nut. de Pharma- 
codyn., Gaud et IViris, 1899, t. yj, p. 211) on snake venom and diplitheria and tetunuvs 
toxins, as likewise by those of lleynians and Masoin {Ibid., 1901, t. vrrr, p. 1) on the 
malonic and pyrotarluric nitrites. These poisons, within a few minutes of their 
injeetion into tke veins, are absorbed by the cell olenients. 

- ‘^Contribution a leliide physiologiipie du leucocyte,” Paris, 1901, p. 39. 

3 Ann. de CInst Pastear, Paris, 1894, t. viii, p. 719. 

^ Ann. de VJnst. Pastenr, Paris, 1899, t. xiii, pp, 49, 209. 

^ 8ee Besredka, o/>. cU.., p. .50, for its approximate eomposition and distinction 
from ordiiiary yellow trisulphide. 
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soluble salt, easily recogtiisable by its colour aiul markedly toxic. 
When non-letlial doses of this salt were injected into the peritoneal 
cavity of the guinea-pig, there was, first a transitory hill in the 
number of the white corpuscles in the peritoneal fluid, followed by a 
hyperleucocytosis of the most marked character. Of the leucocytes 
accumulated in the exudation the macrophages almost exclusively 
seized the yellowish-i’hd granules of the trisulphidc of arsenic. 
Very shortly, the whole of the salt injected was found within the 
peritoneal leucocytes, and the animals in winch this marked phago- 
cytosis occurred remained in good health. TIic ingested granules 
could be observo/l for several days in the macrophages ; but in 
course of time, these arsenical particles were broken up into very 
small granules and ultimately disappeared. Here, then, we have an 
intraphagocytic solution of the trisulphide of arsenic and very pro- 
bably a transformation of this salt into some other arsenical combina- 
tion, innocuous to the animal. This soluble substance escapes from 
the macrophages and is finally excreted by the urinary psissages. 

Since the phagocytes ingest the trisulphide of arsenic and render 
it innocuous, it ivas to be anticipated that the elimination of these 
protective cells would lead to a fatal poisoning by doses which, under 
normal conditions, are readily withstood by guinea-pigs. When 
Besredka used sacs of reed-pith containing nou-fatal quantities of 
the red trisulphide and introduced them into the peritoneal cavity 
of guinea-pigs these animals were not long in exhibiting symptoms 
of poisoning and died at the cud of a longer or shorter period, this 
varying with the amount of poison introduced. Even when the 
phagocytic reaction had been impaired iis the result of a previous 
injection of carmine powder, the guinea-pigs died after doses of 
ti’isulphide of arsenic which, under ordinary conditions, did not kill 
them. The phagocytes in this experiment devoured numerous grains 
of carmine and were rendered incapable of ingesting enough of tlic 
trisulphide of arsenic to save the animal. On the other hand, wlien 
Besredka set up a previous accumulation of macrophages in the 
peritoneal cavity of his guinea-pigs, he succeeded in rendering 
these animals resistant to doses of trisulpliide of arsenic tliat, undei’ 
normal conditions, were fatal. The whole of these facts coinergc 
to show that the phagocytes, thanks to their power of seizing tlio 
trisulphide of arsenic and of modifying it within them, cxci’ciso a 
beneficent and immunising action on the organism of the animal. [418] 
The analogy of the main facts concerning this protective influence 
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with tliat observed in the immunity against infective inicro-orgfinisms 
is indeed very considerable. 

Having determined the part played by the macrophages in the 
I’esistance of the organism of the animal against a not very soluble 
salt of arsenic, Besredka proceeded to study the leucocytic phenomena 
in poisoning by soluble arsenical compounds. In his experiments 
he made use of potassium arsenite and he lound that M'hen lethal 
doses were injected the guinea-pigs showed a diminution of leuco- 
cytes in the blood in less than 24 houi’s, whilst with non-letlial <loses, 
he produced a marked hyperleucocytosis. When he injected lethal 
doses into rabbits accustomed to arsenic, these arimals manifested 
an increase of Avhitc coipuscles, just as in animals injected with non- 
Icthal (loses. These oscillations in the number of leucocytes, like 
those which have been observed after poisoning by trisulpliidc of 
arsenic, certainly indicate that the organism ami its defensive cells 
behave in the same way to both slightly soluble and very soluble salts 
of arsenic. In the first case it was easy to demonstrate that the 
accumulation of leucocytes in the blood and in the ])eritoneal exu- 
dation terminated in the ingestion of the granules of trisul 2 )liidc. 
"'iVitli potassium arsenite, it w'as not so easy to prove the point; a 
chemical analysis of the elements of the blood, how'cver, has given 
a decisive answer. After injecting the lethal dose of this soluble 
salt into rabbits accustomed to arsenic, Besredka bled them in order 
to sei)arate the plasma, leucocytes and red corpuscles. Several 
cxiicriments made on these rabbits gave a concordant result which 
this observer sums up thus: ‘‘Although the bulk of jdasma and of 
I’cd cori)uscles was much greater than that of the leucocytes, it was 
in the latter only that ai'scnic was found” by chemical analysis. It 
w'as only in those cases where the animals survived, and manifested 
hypeilcucocytosis, tliat Besredka succeeded in demonstrating the 
presence of arsenic in the white corpuscles. 

These experiments, excluding any doubt as to the [irotective part 
lilayed by the leucocytes against arsenical intoxication, of course 
suggested the idea of investigating whether the nerve elemeuts, sub- 
mitted to the direct influence of potassium arsenite, exhibit any real 
susceptibility to this jioison. The injection of solutions of this salt 
into the brain demonstrated that the one-hundredth i>art of an ordi- 
nary lethal subcutaneous dose was sufficient to cause fatal poisoning. 
This fact, then, falls into line with other facts, already numerous, as 
to the susceptibility of tlie nerve centres to microbial toxins, alkaloids 
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and other poisons. But in the case of potassium avscnite, it was 
even more easily demonstrated tlian in the other cases that immunity 
natural or acquired, is connected with the absorption of tlie poison 
by the leucocytes. These cells, themselves much less susceptilde to 
tlie toxic action than are the nerve elements, protect them from 
contact with tlie poison. 

It is manifest that arsenic is not the only mineral substance 
capable of being absorbed by the phagocytes, and there are already 
on record well establislied facts in support of this thesis. Some time 
jirevious to the researches on arsenical poisoning just summarised, 
Kobei’t, then in ,Dorpat, set his pupils, Stender, Samoiloff, Lipsky 
and others^ to make systematic I'esearchcs on the fate of iron in 
the animal organism. For this purpose these observers made use 
of a very soluble prejiaration of iron — or better expressed, as 
soluble as possilile — Dr Hornemann’s,/cmow nxydatnim saceharafnm 
sobihih', which does not precipitate in alkaline media. They proved 
that a snudl quantity of the iron introduced into the animal is 
eliminated by the kidneys and the nail of the intestine, but that 
the greater part of the metal is arrested in the organs, especially 
the liver, spleen and bone marrow. The iron is there absorbed 
by the leucocytes uliich hold it for some time and then throw it 
into the intestine. 

I have had the opportunity of observing this circidation of 
Dr llorncmann’s soluble salt in the organism of several species of 
vertebi'ates. Some time after its introduction into the organism by 
the blood vessels, peritoneally or subcutaneously, the iron may be 
found (by means of the microchemical reaction with potassium 
ferrocyanide) accumulated in the various phagocytes, especially the 
leucocytes, the stellate Kupller’s cells of the liver and the macro- 
pliages of the splenic pulp. Tlie non-phagocytic cells, as, for example, 
Ehrlich’s basophile leucocytes, so abundant in the lymph of rats, 
take up very little of this ii’on, although the macrophages and micro- 
jihages are full of it®. Against these facts Weigert® has advanced [i2o] 
the objection that the leucocytes absorb only the iron precipit<'itc<{ 
in the form of granules, but my own researches allow of no doulit 
tliat not only granular but dissolved iron is absorbed. This dis- 

^ Arh. d. pharmak. Itistit. z. Dor pat, 1893, 1.894, Bdo vn — x. 

* ylnrt. de VInst. Pasteur, Paris, 1894, t. viii, p. 719. 

® Lubarsch n. Ostertag's Ergebnisse d. aUg, Path., .lalirg. iv for 1897, 
AVie.sbndeti, 1899, S. 107. 
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ciissioii, however, loses nmcli of its importance in view of tlie results 
obtained with potassiiun arsenite. 

According; to Sainoilotf\ soluble salts of silver in the animal 
organism undergo a fate similar to tiiat of llornemann’s soluble iron 
salt and are absorbed by tiie phagocytic elements. It must be noted, 
further, that according to the experiments of Arnozan and Monter-, 
tlio levicoc} tes absoi'b such drugs as calomel add salicylate of soda. 

'fltesc obscrvatif)ns all clearly show that the phagocytes must not 
be looked upon as cells cai)al)le of seizing merely the dead bodies of 
micro-organisms and of aniinal cells, always fearing and avoiding- 
poisons and only able to come forward Avhen protect'jd by some otlier 
antito.vic function. The phagocytes no doubt often exhibit a negative 
susceptibility for many poisotis, when these are inti’oduced into the 
animal organism in too large a <iuantity. Hut these cells are most 
resistant to toxic sidjstances and protect tlic higher elenumts from 
the ))oison. Under these conditions, it is quite natural to assign to 
the phagocytes the role of the fighting agents of the aiiimal organism 
against ])oisons and avc may CA'en empiire whether these elements do 
not produce the antitoxins. It has been pointed out that it is very 
diflicult to attribute this function to the cells susceptil)le to the toxic 
action,— the spermatozoa in the production of antisj)ermotoxin, the 
red blood coi-puscles in the development of antlhaemotoxiu, or the 
neiwe cells in the production of tetanus antitoxin. Moreover since, 
according to Ehrlich’s theory, it is only the haj)tophore group w'hich 
excites the formation of antitoxins on the part of the elements which 
possess the corresponding receptors, it is quite possible that the 
phagocytes, thanks to the facility with which they absorb the poisons, 
occupy an important place as producers of antitoxins. I have already 
[42lJ forimdated this hypothesis, and several investigators, amongst Avhom 
may be cited Gautier^ and Counuouf*, have received it favourably, 
though in the imj)erfcct state of our knowledge, it cannot, as yet, 
be fully demonstrated. It might. perhaps be objected against this 
hypothesis tliat in many instances, after the injection of micro- 
organisms living or dead, in spite of a vigorous leucocytic reaction 
the organism of the animal does not produce aiiy antitoxin. In such 

^ Arh. d. pharrnak. InsiU. c. Dorpat^ 189:^, BtL ix, S. 27. 

2 Communication to the Xllltli Intern. Congress of Medicine in Paris, 1900. 

3 Les toxines microhieniies et aniinalcs,” Paris, 1896. 

* In Bouchard’s TriiUe da Pathulogie gencrale^ Paris, 1900, t. in, 2""*’ par tie, 
article ‘‘ InOaiaiuation.’' 
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cases, there is clearly a development of antibodies, such as the 
fixatives, whose pliagocytic origin may reasonably be claimed, but 
no true antitoxins. It must not be forgotten, however, that the 
various kinds of phagoeytes present, ainongst themselves, great 
ditferences, and that perhaps certain only of these elements aie 
capable of producing antitoxins. When micro-organisms, living or 
dead, are introduced into an animal it is found that antitoxins do 
not as a rule appear in the fluids ; in these cases tlic reaction is 
set up mainly by the microphages. The macrophages represent 
the principal source of antitoxins. In cases wliere these phagoeytes 
ingest the inicro-('«*ganism the blood exhibits an undoubted antitoxic 
power. Such is the case Avith bubonic plague in tlie human subject, 
where the micro-organism is readily ingested by the macrophages, 
[fere Ave obtain antitoxic scrums even after the introduction of living 
or dead organisms into the atiinial, a fact ol>served by Roux and 
liis collaborators. Another fact in favour of the hypothesis I am 
defending is furnished to us by the caymaii. As noted above, tliis 
reptile, of all kiioAvn animals, supplies antitoxins most quickly and 
easily. In the cayman the leucocytic system is composed of eosino- 
phile inicrophagcs filled Avith grannies, and of macrophages. As the 
eosinophilc cells are only very Aveakly phagocytic, it is the macro- 
phages almost exclusively Avhich iiiterv^ene in the reaction against 
the micro-organisms. It is probable, then, that in tlie cayman and 
in animals inoculated Avith tlie plague bacillus the exclusion of the 
mici*ophages from tlie struggle constitutes a factor favourable to the 
jiroduction of antitoxins and at the same time favourable to tlie 
nruiifcstatioii of the activity of the macrophages. 

If these latter pliagocytes play the primary rule in the excretion 
of antitoxins in tlie fluids of the borly Ave should expect to find this |42 
function exercised not only by the motile macrophages of the blood 
and lymjih, but also by the fixed maerophages, so Avidely difiiiscd 
throiigli almost all the organs. 

I advance this hypotliesis for AvJiat it is AAorth, sinqdy as a guiding 
idea for new researches in this field, of which so much is still un 
knoAvn^ Tlic brief account of the actual state of the question ot 

^ Romer’s recent researches {Arch. f. Ophth.^ Leipzig, 1901, RU. lo, S. 72 on 
{mti>aV>rin accord very well with our hypothesis. lie was able to deiiionstrato that 
the spleen, the boue-inarrow, and the conjunctiva of tlie eye, wlieii submitted to the 
Jnfluonce of abriii, contain a notable quantity of anti-abrin. JS'ow tlicse three organs 
uie very rich in phagocytes. 
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ariiliciu! iiinvmiviiv toxins, hns indicated to us that this is a 

problem far nior'e dillicult of solution thaii is that of acquire^] im- 
niunity against ini(*!*o-org'anisms. The mere tact that these latter 
can still bo found some hours or even <lay:s after their entry into 
the refractory animah affords a great advantage in these rcBearcljes 
as eompared witlt those on toxins Avidch are lost, often almost imme» 
diately, after their injectioiL ConsequerdJy our knowledge of aiiti- 
miciobia] iinuM^^bty is more advanced than is that on immunity against 
the solul)lc |>ro(lncts of rnicro organisms. 

Idle facts najialcd in this chajdcr sui>port the thesis I have 
dcferided on the subject of immunity against iniero-organisms — that 
autimicrr)l)ia] immunity in no way depends on a ]n-evi()ns resistance 
against the toxins. As a gcjiend rule the immnnitv against micro- 
ojganisms is develoixal more readily than tlie immunity against 
their toxic products and at an earlier stage. 

Although much still remains to be done in tbe elucidation of the 
iuechanisni of antitoxic immunity, tlie principal data acquired on 
tlic subj(ict of this iumninity have undoubtedly led to ap]>licatio)js of 
the Ivighest iinportance, as will be set forth in one of the following 
chapters. 
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I’rolective finietion of the skin. — Exfoliation of the epidcrnvis as a, nu.'ans of ridilini': 
the animal of micro'org'aiiisnis. — lioealisatioii and arrest of inici’o- organisms in 
tin.* dermis. — 1 nterventi<‘ii of jiliagocvte.s in the defence of the skin. 

J"diniiuation of inicro-organi.sms liy tlie CH)njnnctiva. ~Mu;rol)it;i(l.‘il fiiiudaon of the 
tears. — Al)Sor|)iion of toxins l>y the eonjniictiva. — Frotectitm of llio cornea. — 
Elimination of iiiicro-organisnis hy the lucsai mucosa. — I'rotectioii by the respi- 
ratory cliannels, — Dust cells. — Absorption of poisons by tlie respiratory channels. 
Alleged inicrohieida.] property of the saliva. --Part played by niicro)>ia.l pjaxlncts in 
the protection of the bnccjil cavity. — Antitoxic function of tlie saliva. 

Antiseptic action of the gastric juice. — Antitoxic function of pc|>sin. 

Protective fumtion of the alinieiibiry canal— Alisence of inicrobitmlal power from tlio 
intestinal Ihrmejits. — Protective function of the bile. — Antitoxic role of the 
digestive fcrinoiits. — Favouring and rcturdiug functions of the intestinal micro- 
organisms. — Destruction of toxius by the.se rnicro-org.ani.snis. 

Defensive role of the liver. Protective function of the lymphoid organs of the 
alimentary can;d, 

I'rotcctivo function of the mucous membrane of the genital organs. — Autopurihc.e 
tion of the Viigiua. 

fx the jireccding cha])ter?; tlie phenomena of immunity which are 
exhibited within the animal body in wliich the portals were open for 
the penetration of the micro-organisms and their poi.sons have been 
.studied. We liad to deal almost exclusively with experimental im- 
munity, the study of which constitutes the basis of our present 
knowledge concerning the general problem of immunity. In natural 
iininunity, hoAvcver, things do not follow the same course. Tiie micro- 
organisms and their toxins ai’e not introduced ilirectly into the tissues 
and blood by means of a syringe or other instrument. The micro* 
organivsms liave to make their own way through the skin and the 
mucosae, tissues which oiler a I’esistauce more or less serious and 



ollcctivo ; or tliey may have to take up tlieir al) 0 (}e in tlie eavilies of 
the animal organism, in order that iliey may be able to inundate it 
v'ilii tlieir poisons. \\"e innst here review briefly these natural barriers 
to mierobial invasion. 

Tlie skin constitiites a jiroteetive covering of great importance in 
1 eumicetion with the |>reservation against mir*robial iin'asion of tlie 
delicate jiarts of an animal. In many of the lower and higiier animals, 
and oven in n*.aii himself, tlie skin becomes tlie scat of a microbial 
flora, often very abundant, in whieli may Vic found, in addition to 
certain inonensive organisms, other minute parasites more or less 
harmful, 'the pyogenic cocci, stajiliylocoeci and *streptoeocei, are 
eon'ianily found on the human skin, most frerpicmtly liidden in the 
de[)tiis of the (finals of tlie hair follicles. These micro organisms 
seize every favouridde <>pportunity to attaeb the organism, producing 
such local loious of the skin as acne, jiimides, lioils, and erysipelas, 
or even becoming generalised in the blood and tissues, as in the 
septicaemias and lo aemias. To the skin, therefore, imist lie assigned 
a very important function in the jircvention of the invasion of 
rnicrO' organisms which arc found constantiy on tlie surface of the 
body or vliieli, along with all kinds of dirt, arc brought tlicre 
accidentally. 

The skin is able to fulfil this ]>rotective function from the fact 
tlmt, in most animals, it is covered witli a not very peianeable layer 
of smne considerabic thickness. In the majority of tlic Invertebrata, 
of all classes, the surface of the body is clothed with ti chitinous layer, 
sometimes very thin and capalilc of folding and following all the 
movements, of tlie body : or again it may be impregnated with 
calcareous salts and very hard, as in the ease of the integument of 
Inscets and Cruslacea, and the shell of tlie Mollusea. In all eases 
this cutaneous sheath coiislitutcs a formidable olistacie to the entry 
of micro-oi'gauism.s. Even in animals of very small size the thin 
ciitiele is cllcctive in iireveuling' any invasion by these parasites. 
Tims the Sa/n u/a/iiiae, fungi so fatal to many aquatic animals, are 
often tjuitc unable to pass through this cuticular layer. In order to 
pass this obstacle their germs must take advantage of some fissure 
or wound, inodueed by other causes. DapJadac^ too, may often be 
observed to succeed in ridding themselves of the Monospora with 
its needledike spores by means of a mechanism which we have 
already ilescribcd in clsai>ter vi. The white corjiuscles of the blood 
surround tlie spores of tliis parasite and transform them into an 
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iiinociioiis detritu.s. Soiuetimcs, however, a luiniber of these fnio 
spores niaMa,! 2 :e to perforate the cutaueous iiivestinent of tlie small 
cnistaoeari ; (juite a smnll o[)eniug is made in tlic chitinons wall, 
wiiieli in itsi^If is a sonreo of no daijger. As soon, Imwevor, as a Sjiorc 
of the Saprohgitia approaches this o])ening, it imniediately l»egins to 
tliriist a process through the sniall lesion, and from that moment tin? 
fate of tlie Daphitla seale«l. Tncapable of op])osiiig the sliglitest fi 
pin tgocvlic resistance to the hlainents of the fungus,^ it is invaded 
tliroiighont by the mycelium and soon dies. 

The integia'ty of the skin being so important for the jueservatioii 
of life, a faii-l>',^ perfect mechanism lias licen eialiorated for the 
maintenance of this integrity. All animals, no nialter wliat (heir 
position in the animal scale, are liable to lesions and wounds of the 
surlVice of their bodies. In tlie D(fphnu(e 1 have often ' observed 
wounds }n‘odueed by the bites of other aquatic animals. TJie surface 
of these woumls soon lieeomes covered with a rich mifa’obial vegeta, 
tion. Tlie lencocytos are lirought up to the injured jioint and there 
prodneo a protective layer ; Imt, at tlie same time, a rapid proliferation 
of the neighbouring cells of the epidermis takes place: this closes the 
wound and separates the skin, so rceonstitiited, from the micro- 
organisms. Ih’crvtliiiig resumes its original order and the leneocytes 
soon (lispoi'se, regaining tlie blood stream. 

Tliese plienomena, wliieh can be readily observed undei' the 
microscope in such small and transparent animals as the Daphidae, 
may S(‘rve as tin? jirototyjie of those of a number of analogous 
processes in the animal kiiigilom. Hie thicker and more solid tlu‘ 
cuticular inv<\slment, the more fully it guarantees the animal against 
the peiK'traiion of micro-organisms. Cuenot'^ made the observation 
tliat Crustacea, furnislied with such a bard envelope as is the carajiar e 
of the Decapods, are completely defenceless from the moment parasitic 
micro-organisms make their way into their bodies. These intruders 
quietly instal themselves in the tif^sucs, without causing tlie slightest 
phagocytic reaction, and thus bring about the inevitable death of the 
liost. The protection of tlie animal in this case is, so to speak, 
associated with the resistance oflered by tlio carapace. 

Again, in many of the Vertebrata, tlie skin has a hard, tfiick 
sheath, e*g., the scales of fishes and of rejitiles. Man, with hih 
supple and not very thick skin, is less well endowed; this, liow<3Vcr, 

^ Virchow's Archie, Berlin, 1SS4, Bd. xovi, 8. 102. 

- Arc/r dc Biol., Gaud et Leipzig^ 181)3, t. xui, p. 245. 
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kIocs not |>revent liim from (kfomling himj<elf agninst tlie entry of 
nnen)-orguniisnm by tlie cutaneout? path. Saboiirau(P; a well known 
(Uuniatologibb lia^ givim a very concise and at the i^anie time Aery 
complete sketcli of (Ijc part played by the skin in the protection 
6] of tlie Ijody against micro-organisms ; from this author the following 
data are borrowe*!. 

The e])i(lermic layer sets np a defence by the production and 
ex])ulsion of eorneal cells. In the normal course of the life of the 
epidermis, ihv cells of tlie (leejier layers, coming to the sni’face, be- 
come exlblialerl and are thrown oitl There is thus jirodncetl, a 
contiiinal (exfoliation of the dead layers, and a continual eviction 
of such mimo-organisms as are living on tlienK ''The epidermis is 
defuse and its cells have a hard envelojie; the micro-organism is 
not emlowed with motion, or at least not Avith sulTicient to be of 
service in ctlecling an entrance. It can only [lenctrate the eiiidermis 
by multiplication ht a micro-organism originates alongside 

another, another in front of it, and in front of this again others. In 
this way they liurrow^ between the {i))posed cells just us a root 
penetrates into the ground ; so great is tlic resistance of the horny 
cells that avc never find any nvicro-organi.sms within tliem, but 
lietwecn them only'' (p. 731). The ejiidennic cells, containing micro- 
organisms, exi'oliate^ and the skin is thus ridded of tlann. Frequently 
the p]*oce‘ss, as it goes on constantly and slowly, is invisible; but 
often, on tlie otlier hand, it becomes exaggerated ami manifests itself 
in tlie form of a cuticidar desquama tion wliicli leads to the elimination 
of a large numlier of micro-organisms. Tlie patient may retain such 
pellicles for ten years, and even longer, witliout presenting anything 
else but tlicsc, and there are many otlier clironic squamous infections 
ill Avhieh tlie course is uncomplicated by even an erosion or the 
slightest avouikF' 

The connective tissue of the human skin is also fully able to 
defend itself ; it is exti'emely vigorous and represents a real obstruct- 
ing and resisting tissue. The penetration of [larasites sets up in it 
a thickening of tlie fibrous tissue ; this elliads a localisation of the 
miei’obial focus. To apiireciate the eifectiveness of this dermic de- 
fence, Ave have only to compare the sloAV growth of lupus, a form of 
cutaneous tuberculosis, Avitli that of tuberculosis of the lungs and 
other viscera, or tlie slow evolution of farcy, or cutaneous glanders^ 
with that of the visceral form of the disease. 

^ t/e iiertnaU cl de raris, laOO, t. x, p. 729. 
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If we exainine more closely the process V)y winch the dernhs siir- 
rounds tlie iuti’iiders with ii fibrous capsiilCj we readily recognise in it 
a reaction of tlie macroi>l)agcs of the skim In lupus tliese pliagi^eytos 
seize the tubercle bacilli conibiuing to form giant cidls and giving 
]‘ise to an exaggerated development of the connective tissue libros. 
Aloreover, when the skin is menaced with a microbial invasion, jutt 
only the local macrophageB but the leucocytes are mobiliso<k The i 
migratory wTite cor|)iiseles travel through the epidermis and the 
connective tissue layer. In spite of the absemaj of a lym[)luitic 
circulation ijii tlic cpidermiKS, the leucocytes pcnetiMto into this layer 
*4md, in a sectioij tliroiigli the normal e])ideruns, it is very rare not to 
find here and there some deformed and flattened leucocyte, surprised 
just as it was creeping between the cells of tliC rctc or of the 

strothiu firrmutosiinid limnediately that the epidermis or the dermis 
finds itself menaced with a microbial invasion, an accumidatiun of 
leucocytes of all kinds is produced at once ; this may remain 
microseojhc or it may assume proportions visilile to the naked eye. 
Fi'cqucntly the subjacent epithcliiim throws olf cjvidermic scales 
whi(di are filled with leucocytes; often also the leucocytic foci in 
tlie <lerinis become emptied, the inicro-organismB being exiielled 
along with their enemies the phagocytes. 

The tissues of the skin [iroper defend themselves against micro* 
organisms as well as they are able; but so soon as the danger 
becomes sei*ious there is sent to their succour a whole army of mobiles 
phagocytes. This example of the defence made by the cutaneous 
investment may servo as a prototype of tliat of every other region 
of the body. Alongside a local action, there is always an intervciitiou 
of mobile phagocytes ; but when this action becomes iiisuflicient, 
a much more abundant accumulation of leucocytes tlian is found 
in ordinary cases is immediately produced. 

Like the skin, the mucous membranes are invested with an 
epithelial layer, which serves as, a barrier to the entry of micro- 
oi'ganisms. But whilst the surfiice of tlie normal skin is dry or barely 
moistened by the secretory products of the cutaneous glands, the 
mucous membranes arc always humid, a condition favourable to the 
multiplication of micro-organisms. Ilenco the mucous membranes 
which are most exposed to contact Avith the air and Avith cxtej'iial 
objects, always contain a larger or smaller number of orgniusnis, 
amongst Avhich the pathogenic species, notably staphylococci, |)neuino- 
cocci and streptococci, are the most common* The part played by 
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tlio anirniil orL^iuiisiu in getting- rid of lliese micro-organisms becoiues 
more coiii|>licatcd than in tlie case of the defence made by the skin 
The first t>f the nnicous inerobranes to be exposed to contaMiination 
by mici’o organisms is the conjunctiva of tiic eye. At tl)e moment 
of birtli it is in contact with tlie vaginal mucous membrane and 
ucijnires from it some of its iniero-organisms, botli iiinocuons and 
pathogenic. Tears fnllil tlie function of averliiig the danger resulting 
[428] from this proximity a] id from tlie presenee of micro-organisms in the 
conjunctiva! sao in general. Ophthalmologists have sliowu lliat these 
tears transport the oiganisms into tlm nasal cavity by means of tlie 
hu hrynial canal. To <lctermine this point Uacli ^ intr/aluced a number 
of K iel n;iter bacilli along vvitli jivogenic staphylococci into the con- 
junctival sac of various individuals. .Sce<lings made with the tears 
sh<A\'ed a very raihd disappearance of tijc two organisms^ wldcli passed 
into tlic nose where their presence could be demonstrated by making 
plate cultures of* the nasal mucus. Enormous nnmliers of tlie Kiel 
bacilli, introduced into tlie eoiijuudival sac, were all tninsferred to 
the nasal cavity, on the average, by the end of lialf-aii-hour. 1'he 
pyogenic staphylococci peisistcd on the surface of the conjunctiva 
for a. longer |>enod, but they also |mssed in large numbei’s tlu'ougli 
the lachrymal canal into the nose. 

Certain observa^rs, notably llendieimy thongld: that the tears, 
in addition to tlieir purely mechanical defensive actic^n, were capalilg 
of destroying the micro-organisms )>y tiieir microlnciflal power, 
iiuclr'’ sulrmitted this <|uestion to a minute examination and came to 
tlio conclusion that sc'voral species of bacteria, introduced hf vitro 
into llio tears of hcidthy p(a*soiir> or of those who were sullering 
from conjunctivitis or certain other ocular diseases, disa[)i>eai*ed 
somewhat ra|hd!y. Comjairalive exiieriments witii tears pi-cviously 
heated to at> and even to in most cases gjivc the same 

results, that is to say, tliey caused a rajiid disappearance of the 
oigtinisms introduced. From tlic.Si^ facts tlic author concluded that 
it is probaldy to (he salts contained in tlie teai*s tluit tlieir bacteri- 
cidal action is due. Ee.ntrol exjieriments made with physiological 
saline solution and with various mixtures of mineral salts met 
with ill the tears Iiave been foiuul by Bach to cause a like 
disappearanci^ of the same species of organisms. Well water, and 

^ voa Graci'c’s Arch. f. Ojiftth,, Leipzig, 1894, Ld. xc, 8. 130. 

^ Devitsclima nil's IkUr, z. Anycnheilk, Hamburg u. Leipzig, 1893, Hft, vui. 
op. ciL supra. 



Immimitu of the shin and mucous membranes 409 


even distilled Avater, gave tlie same result. Tu all fViese eases it is 
evident that, iii the tears, there is no bactericidal cytasc cuinpiti'al>Ic 
Avith tliat tbmid in tlie serums and other l)ndy ilnids >\hi(:h may 
eoiUaii) this phagocytic diastase. The experiments Avith heated tears 
demonstrate this clearly. On the other hand, these same exi>erimculs 
lead one to suppose that the diminution ami even tlie <li'^a[>])earance i t 
of the rnicro-organisnfe in the tears, is due to a large extent, and 
]?erlia])S comidetcly, to an agglutinative action of tl^e salts, a fact 
Avincli has been demonstrated by sevcrjil ol)servers. 

In all thesi‘. cases it is indisputable tliat the mechanical pml 
played l>y the t^'ars is the most iiii{)ortant of the defences olfeii d 
by the conjunctiva of the eve against the micrubial invasion. Tliat 
this defence is not always sntTicient is proved by tlie frequency of 
conjunctivitis, as Avell as by the ease with which certain micro- 
organisms, inoculated into tlie conjunctival sac, sot up a general 
infection. This is specially the case Avith (lie co(*col):’vcinus of 
human [ilague. AVIk'm it is introduced into the conjunctiv;d sac 
of suscc i>tible animals (rat, guinea-pig, it passes thence into 

tlie nasjd cavity and soon produces a generalised and fatal infection. 
Tlie conjunctival membrane, even when perfectly inlMct, readily 
alisorlis certain jioisons. Eveiyone knows the lapidity with Avhicli 
atro}>in, wlicu introduced into the conjunctival sac, causes dilatation 
of the pupil. 13ut the mucous inend)i*ane may serve also as tlic 
port oi* entry for toxiiis of microlnal origin. Several observers, 
and especially Morax and E!massian\ huA^e demonstrated tliat tlie 
diphtheria poison placed upon an unbroken eonjunctival iueinl>rane, 
where the epithelial layer is uninjured, sets up local lesions Avhich 
])rogress veiy sloAvly Imt Avliich terminate in tlK‘ foi*mation of actual 
lalse membranes. NeAcrthelcss, it must be admitted that the intact 
cjiithelia! layer of tlie conjunctiva exerts a certain defensive action 
against the penetration of toxins, although a vx'ry slight lesion of this 
layer Avill alloAv of the ready absovption of the diphtheria poison and 
the formation of fiilse membranes. 

The cornea likcAvise, so long as it is intact, cxlulnts a marked 
resistance against the penetration of micro-organisms and of toxins. 
When it becomes injured in any way its epitiielium is repaired with 
great rapidity, as has been Avell demonstrated by lianvier". Avho lias 
sliown that the Avails of the wound close bj" a process of epitiielial 

^ Ann, dc IfmL Pasteur, Paris, 18^)8, t. xn, p. 210. 

- Arch. (fanaL ruler osc.y Fai-is, ISOS, t. ir, pp. 44, 177. 
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‘ tioUleviiig ■ in a purely mecluuiical fasliion, M ithout the intervention 
of' any prelintinary jtrttl iteration of the ejtithelial elements. Thanks 
to this very rapid ohlitemtion tlie micro-organisms are prevented 
from penetrating not only into the interior of tlte corneaj but into tlie 
anterior ehamber of the eye. 

i:?ol It lias alrea<l\ been pointed out that the ocuhir conjunotiva gets 
lid of tlie introduced micro-organisms ehiefiy by removing them 
mechiinicaliy and sending them through the hudirymal duct into the 
nasal cavity. This, in turn, defends itself Viy making use of a similar 
methoil. In his e.xperiments on the Kiel red bacillus, inoculated into 
tlie conjunctival sac of man, Bach deiiionstriitcd that in a very short 
time those micro-organisms are carried into tlie nasal cavity. Be 
sianved also that they do not remain long in the latter po.sition and 
tiiat their miuiber ileereases tiourly. 

Tiventy-four hours after the introdnetion of these bacilli into the 
conjunctiva none, as a geiicnd rule, ai‘e to lie found in th(.i nassil 
mucus. This expulsion of the micro organisms likewise takes place 
by mechanical means, aided liy the movements of tlie vibratile cilia. 
It is evidently to this process that the mucous nienibraiie owes its 
relative freedom from miero-orgauisms. Freipieiitly, when e.Kaminiiig 
the nasal mucus or wlien making cultures therefrom, one is astonished 
at tlie smull number of miero-orgauisms fouml in the nasal cavities 
of persons in good liealth. Thomson and Hewlett^ have certainly gone 
too far when they allirm that the upper regions [i.e. the Sehiioiderian 
membrane] of the nasal cavity are, in almost 80 "/o of cases, free from 
micro organisms. But it is certain that in these regions we do find a 
small miuiber only of tlie bacteria which e.xist in greater abundance 
in the lower (cutaneous) passages of the nose. 

To ex[)l;iin this paucity of micro-organisms in the nasal cavity, 
Wurtz and Ijerinoyez'- have assumeii the existence of a bactericidal 
projierty in the nasal mucus. They affirm that the anthrax bacillus, 
after contact with this mucus for sgvei'al hours, loses its virulence for 
the most susce}>tible animals, and that several other micro-organisms 
— tlie .staphylococci, the strefitococci, and the Jiaeillus coli — become 
attenuated under the same conditions. Others who have studied 
this ipiestiou liave come to a different conclusion. Thomson and 
Hewlett found that the nasal mucus is not bactericidal, although 

^ \Med.’Chit\ Lontloii, 1895, Vol, Lxxviir, p, 239] ; 7'he Lancet^ hondony 

181KJ, Vol. I, p. 8() ; BrlL Med. Journ., London, JSJKi, Vol. i, p. 137. 

^ Compt. rend, jSoc, de biol,, Paris, 1893, j). 750. 
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it i>reveiity the nniltiplicatioii of ii»iero-orCTih^in:<. F. Ixlenipcreiv 
denies tlie baetericidal property of the nasal iniicus. Ke eould never 
demonstrate the destruction of micro-organisms In the nnums, and 
lie also observed that Iwcteria do not multijdy at all readily iv, this 
mediuim These results conlirm the hyiK)tlicsis that the dt l'ensive [ i:?i ] 
action of the nasal mucous membrane against microbial iinasion 
is luainly cflected by ^the meeliaiiical elimination of the numei ons 
micro-oi'ganisms whieli continually reach it. Amongst tliese oiga 
nisms are some which arc coifspicuous for the ease with vvhit’li 
they multiply in the body, taking the nasal cavity as a ^still‘ting point, 
e.g. tlic micro-otganisms of inlinenza, the i>lagne bacillus, which, 
according to several observers, is very virulent when introduced by 
the nostrils^^ aud the Icpi'osy bacillus. Tliis last, accordiug to 
Goldschmidt^ Sticker \ and Jeanselme'' often ejjters Die luimau body 
by way of the nose. 

It is certain tliat the oUactory a|)paratus deprives the ins])ircd air 
of a large nnmbcr of tlie micro-orgaiiisins wliich it cataies. These 
organisms deposited on the mneous membrane are ex[)elled with the 
Jtasal mucus. A niin)l)er of tlie foreign organisms, carried by tlie air, 
may, however, surmount this first barrier and penetrate further into 
the trachea and l>ronehi, wheiiee, helped by the movements of the 
vibratilc cilia, they are usually expelled along ^vitl^ tliC mucus. 

In >S|)ite of this double defence it lias been recognised that very 
minute corpuscles and, amongst others, micro-organisms may over- 
come every one of these ol)stacles and reach the pidmoaary alveoli. 
Here, under the name of ^Glust-eells (^•cclhdes k poussiere’') — 
‘yStaubzellon ' of the Gorman writers — located in the alveoli, arc de- 
scribed certain large inononucleated elements which contain granules 
of foreign origin, usually deposits of soot, of a deep blade. This 
permeability of the normal lung tissue for dust particles and pig- 
mented corpuscles has been closely studied aud clearly demonstrated 
by J. Arnohh^ and his pupils, ^Several observers have tried to 
determine whether micro-organisms, introduced by the respiratory 

* 3lunrhen. med. IVchnschr.^ 1896, S. 730. 

2 Batzaroff, “La pneumonie pcsteuse exporimentale,’* Ann, do VlnsL Fadmi\ 

Baris, 1899, t. xru, p. 385. 

3 “ La licpre,” Paris, 1894. 

^ Miinchen, med, Wchnschr,, 1897, S. 1063. 

^ Presse med.^ Paris, 1899, 8 avril. 

“ Untersiichmigen iiber Staubinhalation,” Leipzig, 1885. 
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I'haniiels, beliavc like otlier bodies. Animals were made to inbale, 
or there were introduced into the trachea, cultures of bacteria 
[‘ 13 .?] j»ailiogenic for the aoimals experinietitcd upon. The results so ob- 
tained liavc l)oen very coniradietoiy. iMorse^, Wyssokowitclry and 
llildebrandt^;, never succeeded in inducing anthrax by the intro- 
<liu tion of antlirax btieilli into the lungs of iionnal animals. Thev 
concluded, therelbre, tliat the iiniujured ptdmouary ti.s.suc was 
iinpei’iueabk\ bv vii ulent inicro-orgtiuisms. I L Buelmer^ with his 
collaborators aud pujtils inuiutainiug the opjiosite view, declare tiiat 
rabbits that liavc iidialed aidhrax bacilli or tlieir sj>oros always sue- 
iund) to a fatid attack of anthrax. The.sc contravlkdory results were 
attribided to dilVet'ences in the methods employed, and an attcm|)t 
was made to i)erfe(*t tltc methods of research, esiieciidly to prevent 
the pi'netratioJi of tlie antlirax bacilli by lesions of tlic trachea 
or by any cljannel otlier than that of the pulmonary tissue, 
(bainatscliikolf', niidor Baumgarten’s direction, uudertook a series 
of experiments in order to determine whether it was possible for the 
anthrax l>a(‘illus to traverse tlie judnionary tissue, lie introduced 
tlirongli tlie tracliea of rablxits and guinea-pigs an anthrax, culture, 
afterwards washing the respiratory passages with a large quantity of 
liroth or of pliysiological saline solution, ^cveinl of the aniinals so 
treated did not sm*curnb to the inoculation, and Gramatschikoff con- 
cludial that it was impos.sible for the anthrax bacillus to make its way 
througli the wall of the normal pulmonary tissue, lie \vas satisfied 
that some ol’ tlie injected organisms ^rere de.stroyed in tlie lung, 
altliougji he was unable to see how this bactericidal action was 
iletermined. In tliese exjieriments a large quantity of fluid w;is intro- 
duced after tlie bacalli ; tliis might wasli away the bacilli and convey 
tliem to situations whei'e they could exert no morbific action ; 
moreover the antlirax bacilli used were of doubtfid virulence (tlie 
injections made to control the virulence in tlie subcutaneous tissue 
were in riearl\ every instance made with quantitic^s of fluid greater 
than lho.se introduced by the ti-achea), and Gramalschikolf \s results 
i- 133 ] could not be accepted as deeiding the question. ( Jn tlie other hand, 

^ ‘‘ JuMOfnjirspforton dor Tidbctioiisorgaiiismeii,” Horliii, iS8i. 

MiUh. ///y.s fh:>r /trr/uiur\^('hm /leiUut staff, isaa, H. ‘297. 

E.K|)er,uir I'nters. ii. d. Eiiidni)<,^en jiatli. Microorj^aiiisTnon,^’ Konigsborg’, 1888, 
[;i]id in >Iiogler.s Beitr. r. path. Avat., Jona, 1S8S, lid. n, kS. til]. 

^ Arck.f. .Mihiohoii u, Leipzig, 1S87, Bd. viu, 8. 145. 

^ BaiiDigartcn's Arb. an/ d. Gi:b. d, path. Anal, etc., Brami.schweig, 1892. Bd. r, 
8.150. 
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If. Biiclmer’s iiiliulation experiments made witli sporcH. avid the 
study of the organs of animals so treated, leave ao doaht as to the 
possibility of the invasion of an animal by tiic respiratoi} eliannels 
by the anthrax bacilbis, Furtlicrmore, tlic ‘ri'ag picker’s disease ’ 
and the “wool-sorter’s disease,” or pulmonary anthrax, developed in. 
man as a result of the inhalation of dust eliarged with antlirax spores, 
demonstrate most elcariy that it is possible for the anthrax tricilliis 
to enter the body by the respiratory channels. The pnhnonarv 
myco.ses, piodnced by the penetration of the AHjH'rffiilus 
in the human snliject, offer contirmatory evidenee. 

In s]hte of therfaet tliat tlie pulmonary ti.ssue is not irnpermealde 
to pathogenio micro-organisms, it is none the loss true that it exhibits 
a. vei'y marked resistance (o infection by tliis (.'haimel. It is, however, 
jieither the thickness of the wall, as in the case of the skin and the 
mucous membranes, nor the mechanical elimination witli the helj) ot 
tlie vibratilc cilia or of the secretions, t.liat constitute tlie means 
of (h'fenec in the respiratory' alveoli. Here tlic cell elements are 
chai'ged with the duty of ridding the lungs as much as possible 
of the micro-organisms which enter. Ribbci t‘ and his Bonn pupils, 
Fleck- and Laelir'’, observed this fact h.>ng a,go. They showed that 
tlie s])ores of AsipergUlm flavc.tscens and the .sta])hyh:)eocci, injected 
into the veins or into the trachea, penetrate into tlie pulmonary 
alveoli, where they are soon seized by the “epithelial cclis” and tlio 
leucocytes. Laehv observed that this phenomenon is prodnecd at the 
end of a few hours, and tliat the ingc-sted cocci within the phagocytes 
mulergo a progressive degeneration and at last disappear. 1’ehxsto- 
vitch‘‘, working in my laboratory, studied micro-organisms patliogcnie 
for the rabbit — the anthrax baeilhrs, the eoecobacillns of fowl cholera, 
and the bacillus of swine erysipelas — ingested by the “dust-cells” of 
the alveoli. lie lias added the im])ortant observation (idvcady referred 
to in chapter iv) tliat these phagocytic elements are not cjiithelial cells [ 
at all, but are really niaeroiihagcs of lynijihatic origin, 'fhey arc not 
found in the alveoli of iicw-born animals, but soon appear there and 
iiistal them-selvcs in such a manner that for long one was led to 
regard them as true epithelial cells of the pulmonary tissue. Tliis 
tissue, invested with an extremely delicate covering, is incaiiable of 

1 ‘‘Der Unter'raiig pathog. Bcliiminelpilzc iui Korper/’ Bonn, 18S7. 

'‘ Die acute Ent/iintlung dor Lunge, Bonn, LSSO. 

^ “ Ueb, d. Untergaijg des Stapliylococcus/’ etc., Bonn, 1887. 

Ann. de VlnaL Pnsfeur, Pari,-??, 18811, t. iir, p. a')!. 
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Chapter XIII 

(letcndiiJi^ itself against tbe invasion of niicro-organisms, but tlic 
animal organism comes to its aid by sending a [>erinanoiit army of 
naicrr)])l»ages wliich (;viet froui the alveoli, so lar as is possible, both 
nricro-organisins and oilier foreign bodies. IJmler tliesc conditions, 
we can readily understand that similar cells Mddch fullil the same 
protective fiUKalon, are also found in tlic neighbouring broiicliial 
glands. It lias long been recognised that the macrophages of 
these glands are oiten crammed witli various kinds of granules 
of foreign origin, wliich have made tljcir way into tlie lungs Avith the 
inspii’cd air. 

J'oxic sulrstaiK’es can be absorlied by tlie rmioous membrane of 
tlie respiratorv channels. Roger and Bayeux^ have shown that no 
ic>sion is rc(|nired in order that diphtheria ])oison may invade tlie 
inncoiis membrane of the trachea, and so produce ty])ical false mem- 
lira lies. Thv lung, avc know, is accessible to gavseous toxic substances; 
moi'ouver, its suiface readily absorbs fluid poisons. 

The protection of the digestive system is more complex than 
tliat of the respiratory passages ; this is not rcmarlcable, wlien we 
consider the greater complexity of tlie organs of digestion and 
the varied conditions wliich they present with regard to miei'obial 
invasion. 

Tlie Imccal cavity, so exposed to tlie eiitiy of extraneous micro- 
organisms along Avith the food and tlie external air, lias a A^ery rieli 
microbial flora, in Avliicli Miller'^', the author of our most complete 
work on this subject, has recognised in man more than tliirty species. 
Several representatives of this flora, e.g. the Leptothrix and the 
HplroduiHa are constantly present, and are very eliaincteristje of 
the buccid cavity of man, Witli them arc frequently found pneumo- 
(?()cci, stapliylococci, and streptococci, Avhose pathogenic jioAA'^er is 
undoulited. Virulent diphtheria bacilli are also met with in a certain 
number of quite healthy persons. It is astonishing that, in spite of 
this stiite of things, Avounds in tjie moutli heal Aery rcijridly, and 
operations on the buccal cavity done witli insufficient or no aseptic 
precaution do not, in the great majority of eases, set up infective 
complications of the slightest importance. After certain buccal 
o{)Ci‘alions wc arc often confronted Avith a complicated and ojien 
fissure ; nevertlielcss the wound thus left exposed is not ordinarily 
the scat of any inlcction either local or geneTaiised, 

^ Com f ft. rend. f'Soc. de hioL^ Baris, 1897, p. 2()r>. 

“ ‘‘ Die Mikvo(>r|:ijnisnK>M dor Mumllioiilo," Leipzig, 2^** Aaft., 1892. 
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It often uskedj liow under thes(> conditions does tiu> inoiiih 
defend itself naninst the \’ast number of formidable nder<> or^juiisfns. 
When the theor>' of the bactericidal power of the liody was 

dominant, aiid a]>pear(‘d to eA'})laTn seaei'al im|) 0 !*tant j)oiui> in the 
jteneral proldciii of immunity, the saliva was studied from liiis 
‘^bactericidal '^ point of view. Sanarelli^, as the outconie of ]>alicHt 
and laborious researenes, came to tbc conclusimi that the Imman 
saliva acted as an autiso))tic and <lest]*oycd a lai’^e Jim|iber of iniero- 
organisms. It is true tluit he recognised its etheacy only when few 
bacteria were subjected to its action ; but even wJien tlie saliva >vas 
iiica])able of kiHiiig a large number of micro orgauisms, it did not 
allo^v them to devel()[) — it was a bad culture medium ; moreover, it 
had the power of attemiiding tlie virulence of certain jKithogcnic 
bacteria, such as the jiiieumocoecus, so frecjuently found in tlie 
moutl), 

The conclusions of tlie Italian observer (bM Jiot, liowever, meet 
with general acceptance. IMiller ’ did not believe tl)at tlie saliva 
exerted any liacterieidal action, rai>sing the objection that the absence 
of nutritive value in the human saliva for bacteria is explained by 
the fact tliat in Ids experiments Sanarelli employed filtered saliva, 
which consequently liad been deprived of much of its nutritive 
substances, — epithelial debris, mucus, etc. Ilugensclnnidt\ Avoi-king 
in my laboratory, carried out a spc(*ial research on tlie influence of 
the liuman saliva on mierO'Organi>sms, and arrived at conclusions 
(juite at variance with those reached by Sanarelli. lu spite of the 
variety of iiiiero-organisms made use of, he could never satisfy himself 
tliat tlje saliva had any bactericidal property. 

He sometimes saw^, no doubt, a certain slow n(\ss of growth or [i 
even the destruction of certain of the micro-organisms sowai at the 
eommeneenient of the experiment, but this was very slight and 
rather exceptional In most cases the micro-organisms, introduced 
into the saliva, grew rapidly, so that their number, in a very short 
time, became very considerable. Where the saliva lm>ught about 
any diminution in the number of inicro-organisins, this semblance 
of bactericidal action could be noted not only in the normal saliva, 
but also, as in the laeluymal secretion above described, in sivliva 

1 “La ttalira iiniuiia,” Siena, 1891, and Centra IbLf. BakterioL il Para^ifenk^^ Jena^ 

1891 , Bd. X, S. 817. 

^ op, cit. 

3 A mu cht kinst Pasteur, 1896, t. x, p 545. 
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heated to ho' C. Against cerlain micro organisms- tiie torulae 
and 111 e s taplj ylocorci - 1 he heated saliva acted more vigorously 
than di<l the unaltered saliva. It is consequently im|)ossible to 
draw any parallel betascen the action of the saliva and tliat of tlic 

cytascs. 

Siiu'e the saliva ol'ten contains (according to certain authors even 
eonstantly ) sinal! quantities of potasshun sulphoeyainde, it seemed to 
bo worth wldle io a.'^eertain whether tliis salt is ea|)able of destj'oying 
iiiicn>-organir^ms. Tlie ex]ierinients carried (Kit by Ilugenselnnidt, in 
Oi’dci‘ to settle this point, (Icmonsi rated tliat when givcm in doses 
eom]>ii!*able to those met with in the saliva, the potassium svdpho- 
cyanide exerts no bactericidal aetion. 

Powei-less as an anlise|)ti(‘, the saliva, fnljlls an imjiortant finiction 
in ridding the moulli of miero-organisiiis in a meclianieal uay. Idie 
j>ai‘otid secretion and that of the other salivary glands diluU'S the 
l)aA*toria and carries tiiem from the ])haryngeai cavity into the stomach. 
lieiKjc, in disc^ases wliere tlic salivary secretion is much diminished, 
the moutli becomes the most imj)ortant jiortal of entry foi* micro- 
organisms cajiable of setting up secondary infections. The saliva, 
is furtlier useful in diluting the alimentary detritus and prcvcaiting its 
slag!ialion tind deconqmsitiou in the buccal cavity. 

In addition to the direct mechanical ]>art jilayed by the saliva^ 
it performs a very important indirect function. This lluid con- 
tains microbial products and diastases, and is ca])ablc of exciting 
in the leucoeytes a [lositive clienuotactic activity, llugenschmidt 
demonstrated tlsc fact by introducing into animals small capillary 
glass tubes containing saliva. A certain time a fie]’ being placed in 
]»ositioii, tliese tubes }>ecame tilled with considerable masses of immi- 
grated leueocytes. Tiic same result was oliiained willi guinea pig’s 
*ui 7 j saliva, eneloscd in capillary tubes and introduced into the peritoneal 
eavity oj’ the same s[)ecies. Here, again, the leucocytes assembled in 
the tubes and ingesied the micro-organisms found in the saliva. The 
inllnence of the saliva on the alllux of the leucocytes must lie regarded 
as an act inij?ortant foi* tlie protection of the buccal cavit), and it is 
probably due to tins attraction of leucocytes that lesions of this 
region heal so (quickly. TJie leucocytes arc very mimerous in the 
glands of the mouth and the tonsils always supply large quantities 
of them. 

We must not lose siglit of the fact that the epitlielial (‘overing of 
tlie bucco pliaryngcul cavity also constitutes an important protective 
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factor. Just as on the surface of the skin, the corneal cells are iu a 
})emianent state of desquariuition, so the cells in tlu^ liioatli are heiug* 
constantly renewed. This dcsquainatiou increases es|>eeiaHv dnriit^' 
mastication, when enormous nunibers of cells arc tlirown ojf; after 
every meal there is a j^artial rcuevval of the suriUce oi* tlie Ihvin- 
of the l)necal cavity. Being covered on tiieir surface, and in ihelr 
interstices cluirged witii inuumeral)le niicro organisms, the cjalhelial 
cells carry away with them all this (xqmlation from the vnouiln 

The numerons micro-organisms which pei’si>,t in the nn>nrln in 
spite of all these means foi* getting rid of them, must also play 
a certain part in the defence against infections. It is \ (‘ry [>roljabh‘ 
that many of these sapropliytes impede the multi|)ljeaiion oi’ certain 
pathogenic bacteria ; l)ut at ]a'cscnt it is in4H>shil)Ie to (icline more 
exactly tlieso j)hetu)mcna of microbial couqjctition. it is only because 
wc liavc analogies iu other regions of the body that we arc able to 
defend tins position. 

The saliva, incapable of destroying the n\icro-(>rganisms theni' 
selves, is able to act on their soluble j)roducts, as on certain other 
poisons, in tliis relation tlie action of the saliva on snake venom is 
mo>st familiar. Welirmann^, who has matle researches on this sul/p^ct 
in Calmetteh labo!‘atory at Lille, has sliowu tint tiic amylase (ptyalin) 
of hiiinan saliva, mixed with very rapidly fatal doses of venom, <}uite 
prevents its toxic action. Von Behriiig- reminds us on this i)oiut 
that the ancient I^sylli (a race of northern Africa), at tlic beginning [i 
of our era, enqjloyed their saliva as an antidote agairist snake 
bites. 

Po\vorless to kill the micro-organisms, the saliva carries them oil 
mechanically to the exteri<u' or, more frequently, into the stomacl). 
The acid medium of tliis gi*eat reservoir exerts a very marked effect 
on these mierosco}>ic organisms. It has long been recognised that the 
gastric juice prevents jiutreiactioii and can arrest it even wluui it has 
become very advanced. From this observation an antiseptic action of 
tliis juice was inferred. Bacteriological researclies, undertaken to 
thrtermine the nature of this action, have demonstrated that several 
rspecies of micro-organisms die very shortly after being placed in con- 
tact with the gastric juice iu vitro. Straus and Wurz'^ found that even 

^ AnjL de VImL Paste ar, Paris, 1898, t. xii, p. .'JIO. 

“ “ Allgemeirio Therapio dev Iftfectioiiskraiikliciten,’' in Euienbui'g u. Samners 
“ Lehrb. d. allg. Therapie,'^ Berlin u. Wien, 1899, Bd. iii, S. 9S0. 

Ardt. de med. expd\ el d'aaai. palh,^ TariH, 1889, 1. 1 , p. 370, 

li. 
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Cl tap ter XI IT 

MiUhniX ^])(>res an<l tlie tiil>er(‘le baeilius could be destroyed l)y gastric 
juice, ufter it prolonged sojourn in a sudicient quantity ot tbis Iluid. 
Coiu|v,irative rescavclses, iHade with iKpieous solutions of h}drocldoric 
iuahl hiive demonstrated thid tlic Inictcricidid actio]i of the gastiac 
juice dejaauls solely o)i the amount of this acid that it contains, that 
is to say, tlic {x psin plays no jairt in the [)rocess. Ibis jnice exerts 
no true digestive action on the mi(‘ro orgiuusins, bur it destroys 
aeertiiiii nurr ber of tliem by its hydrochloric acid. Tliis antise[>tic 
action niay abo be infei*red from a sea'ies of demonstriitions on tl»c 
exaggeraied mici'obia! multiplication in cases ^vlHTe the gastric juice 
has })ce]i poor in liydrocldoric acid. Several ol)>:cr\\; rs liave eonUrnual 
this liactericisial actit>!) of tlio gastric juice which is exerted specially 
against certain s(HU*ic's ea)>al)le i>f caiisiiig grave inh‘etive diseases. 
On the otlier hand, certain bacteria and other lone]* bingi are quite 
resisra))t to the antisej)tic action of this Hnid they ada|it themselves 
very readily to an existemx' in the stouiach. ( ■ouseqiieiuly tliere 
exists in this organ, even in animals sueli as tlie dog, whose gastric 
juice eontains most hydrochloric acid, a s])vH*]al flora, avIjosc most 
characteristic feature is the relative iustaisil)i)it\ to tlie acidity 
of tliis medium, ( he .Blastomycetes, along with tlic yeasts and the 
bonilae, eonsliruti; tlie most frequent representatives of tlris liora ; 
idongside thesis may be groiijicd the Barcinao and certain aeidojihile 
bacilli. Miller’ has isolated several of these miero-organisms from 
the contents of tlie stomacli, and has observed tliat, mixed vvitli tlie 
Ibod, they resist the aetion of the gastric juice, even that <4 the dog, 
whose hydroctih^rie acid content is greatej* than in man and many 
of tiio (dlicr mannna.ls % l>iit these acirlophile micro-organisms have 
no pathogenic jiower and consequentiv are not imicli to l)c feareil. 
It is very doubtful whether (wen the infeetive liaeteria which are 
easily killed by the gastric juice m ritro, ar<^ often destnned in the 
stomach. Tlic typlioid eoccobacillus, which lias shown itsSelf to be so 

J Loi}»zig, 1SS5, ao. 4!). 

*’ A.ujO!)g:a this lU'idopjiilo ilora one s|.KH*ics nitM'its particulMV atknition. This is 
a spii'iihins. discfU’cred )>v J>i//j>zcT'o in. the niucons inciiiin'ane ot the stomacli of the 
dog S;d(ai)oii ,y'i'HlrnU>(. J\ JlalfvrioL a. doufi, JSIM;, Bd. XiX, S. 

has siudied this orgauisni, nut vmly in the vlog, Imt in the cat and Xorway rat. 
Multiplying on the mucous mcnibraiio, the very mobile spirillum penetrates into the 
epillndiuJ cells or is met with inside vacuoles. Tliese latter being in communication 
witli the cxtcniid medium, the spirilla can readily penotrale l>y tlie openings. This 
fact lias, lliCM, noLhin.g iu common with pliagocvtosis, wliere it is the cell wliich 
iui^csts the mii.a'O-orgaru.'.jrjs ]>y nieans of its amoeboid movements. 
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sens^itive to tlic destructive action of Mjc ,t>‘as(ric Juice ot man, oT the 
dou;; and of tin* is, from the ex|>eriments of Siraus and \\ iirz, 

quite caj)ab1c of j>assing tlu'ougli the stoniacli without hciiic: allecti-d. 
Stern\ as tln‘ result of his o^ru re>eai*ehes, as well as of tliufa* u\' hi^ 
pupils, earne to tlio conclusion that tliis micro-organisiu not in tiu; 
least aiU‘Cte<l by tlie gastric juice of a healthy man, containijur the 
norma! anioiiiit of lty(fro(;liloric acid. It wrc' only in c*ases of hv|>er- 
secretion and of hyperacidity that the inicroojrganisms of typhuidi {bvef' 
wore destroyed V>efore they reached the small intestine. 

The cholera viI)rio al.so can j)ass through the stomach and its aci'l 
Juice. Aftei* Koeh’s dciuonstratiou of the great suscej>til)ility of thi; 
organism to acids hi ritro, it was generally concluded that it iniist 
perisli in tln^ normal content of tlic stomach. Many cases haAC 
since been recorded in wlncli the cholera viluio was found, in times 
of cholera epidemics, in the hieees of healthy peivons. In ordc!' 
to get into the large intestine it had to p'ciss thiamgh the normal 
.stomach. In experimental cholera in young sueklifig rabbits, a large 
number of vibrios were also found iu the distinctly acid coidents 
of the stomach, am! tliey were seen to jkiss into the small intestim; 
without any neutralisation of the acidity of the stonmcli taking )>lace. 

Tliis example proves, once agaiii, that the jdamoTnena that o(*cui‘ 
within the liviiig body cannot be identilied >vii!) those that gri on in 
the test tube, iu vitro. 

Whilst the acidity of the gastric juice exerts a certain infhuurce on [.(lo] 
micro-oigauisms, tlie pepsiji which it c(mtiiins acts unfavoiiraldy on 
their toxins. Tlicre are many [>oisons whicli arc readily absorbed, 
without being modified, by tlie umcous mend an ne of the stomach. 
Even the venom of snakaes can, iinder certain conditions, produce 
its toxic effect as it is absorbed tli?*ough the stomach. Thus, ac- 
cording to tlie experiments of Welirmanny pepsiii ex(U‘ts a very 
feel)le action on tliis jioisoii. On tlie othei' liand, this <Iiastase has 
a marked action on certain bacterkd toxins. (Jamaloia.' i>ointed out 
that pepsin destroys the diphtheria, toxin. Oharrin and l^efcvnc^ 
have shown that it also weakens other microbial toxins. According 
to >Jencki and Mines Sieber and Schoumo\v~Siinaiu)vvski’\ tlie gastrii 

^ Volkrnatin’8 SaiiimL kHn, i^ortr., .Lei|)/ig, USaS, no. as, S. 

- Avn, da I'lmf. Pa.<teiit\ Paris, iS98, t. xii, p. rjla. 

2 CompL rend, Soc. da bio^ Pari.s, ;i81)*2, p. 153. 

^ (Jompt, rend. Sue, da bioL, Paris, 181)7, p. 830, and Clairriji, <lo!(aiScs 

liatvindles de i'(»rg;uiisine,’' Paris, 1808, p. \2K 

^ Canf/raibL/, BakterinL u. Parimfcnk,, 180S, Hd. xxur, S8?.. SO, SSO. 
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Juice of the dog de^stroys velidively small quantities of the diphtheria 
})oisoi). A gramme ol’ the juice is capable of rendering innocuous 
50 letljal doses of tliis toxin, but, in order that this action may be 
])roduced, a prolonged contact of the two subshinecs is required, 
Since the neutralised gastric juice acts in the same way, tliis effect 
must be attributed not to the acidity of the gastric juice, but rather 
to tlie amount of pe|)siii it contains. Tliis diastase acts much more 
poAverfully on the tetanus toxin, 1 gramme of gastric juice ncutrab 
ising 10,000 doses lethal for the guinea-pig. On the other hand, 
abrin is not modified by the gastric juice according to tlie researches 
of Ih'pin^ carried out in Roux’s laboratory. Xevci tlielcss, its action 
wlicii administered by tlie stomach is ieeble, and Ehi*lich" has been 
enabled to yaecinale small animals against this vegetable poison by 
availing himself of his knowledge of this tact, ll.'pin exjdains this 
result as due to the very slight absorption of abrin by the gastro- 
intestinal mucous membrane. This same ftictor, Ilepin thinks, may 
contriluite also to the failure of various toxins when ingeste<l. This 
rule, however, is not an absolute one. Thus, the toxin of the botii- 
linic bacillus of van Ermengem'^ is not destroyed by the digestive 
diastases, and it is certaiuly absorbed by the mucous membrane of 
tlie aliinentary c<aiial. For this reason, wlieu it is inti’oduced by wav 
of the stomacli, it exhibits a very violent toxic activity. 

The stomach, though capabli', tlirongh its fieid, of preventing 
[ 441 ] the multiplication of certain micro-organisms, protects,' very feebly, 
the rest of tlie digestive apparatus. As soon as, in the duodenum, 
the acidity is weakened or neutralised, tlie various micro-organisms 
commence to multiply and soon develop very abundantly. 

In tlie animal series the intestine proper pi-osents a very great 
variability, and even, in closely allied species, exhibits considerable 
differences. From the particular point of view wliicli interests us 
these differences are vei-y marked. Alongside insects, such as the 
silkworm, the larvae of cockchafers and others, whose intestinal canal 
contains a \cy\ rich bacterial vegetation, we have otluu’s which contain 
exceedingly few micro-organisms or, indeed, none at all. TJiis last 
condition is re[)resented by the caterpillars of small Lepidoptera, and 
notably by tliose of several species of clothes-nioths. These differences 
correspond to the variety of the juices and digestive ferments met with 

^ Ann. de I'Jmt. Faxtem\ Paris, 1895, t. ix, p. 517. 

^ DeuUclie nud. Wchnscht\ Lemzig-, 1891, 970, 1218. 

^ Centralhlf, BakterioL n, PnrmllcnL, Jena, 1890, Bd. xix, 8. 442. 
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in these Invertcbrata. As the physiology of digestion in these animals 
is as yet little understood, it is at present im])ossible to dctine dearly 
the conditions M-hich regulate these phenomena. In any ease, it is 
very probable that the soluble digestive ferments destroy the iniero- 
organisms and prevent them from growing in the intestinal content. 
Otherwise it is difficult to explain why the larvae of clothes moths, 
Avhich live in old dusty*textile fabrics, where the germs of bacteria are 
not w'anting, present a digestive canal from which micro-organisms 
are entirely absent. The digestive juices, adapted to digest wool 
and even w'ax, are evidently capable also of digesting the bodies of 
micro-organisms.. In otlicr insects, which feed on vegetables and on 
substances less difficult to digest, micro-organisms develop in tlie 
intestinal content, as in many of the higher animals. Insects often 
have their intestine lined by a very delicate chitinous membrane 
which offers no obstacle to the absorption of the pi’oducts of digestion, 
but prevents the micro-orgainsms from reaching the epithelial layer. 

We have here a defensive apparatus against microbial invasion, w'hich 
must be the more usefid because this membrane is thrown off and 
renewed at each iiioidt, thus enabling the insect to rid itself at one 
swmop of a large number of its microscopic iidiabitants. 

In the Vertebrata the canal of the ]>ancreas aiid th.at of the small 
intestine arc always ])Oi)nlated by a gi'catcr or smaller number t>f 
micro-organisms, amongst which bacilli i)redominate. We know' tlio 
great difficulty experienced every time we wisli to make experiments 
on tlic ]>ancreatic digestion outside the animal body. The digestive [442] 
fluid, alkaline and containing many bacteria, is soon transformed 
into a microbial puree. We are then obliged to have recourse to 
antiseptics to arrest this development and to bring into prominence 
the digestive rOlc played by the soluble ferments of the pancreas. 

'i’his well-known fact may be used as an argument against the 
existence of any kind of bactericidal power in the small intestine 
of higher vertebrates. Even in, those animals which are distin- 
guished by the remarkable poorness of their intestinal flora, we fail 
to reveal the presence of bactericidal substances. The Crustacea, 
e.g. the crayfish, and certain worms, such as the Ascarh, contain few 
micro-organisms in their intestine. The foraier feed on putrescent 
substances, the latter inhabit the small intestine of man and animals, 
l)opulated by myriads of bacteria. It might be supposed tJiat, under 
these conditions, the intestinal content must contain a mass of micro- 
organisms or, if that be not the case, tiiat it must contain some 
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siibstiuice wliicli is powerfully bactericidal. In reality, iieitlier one 
nor tlie other of tliese suppositions I’eceivcs any confirmation. Tlic 
intestines of the two Invertebrata I have named are very poor in 
inici'o-organisras and their contents do not exhibit the slightest 
bactericidal power. When a little of their contents is placed in 
tubes and kept at a suitable temperature it is not long before it 
becomes filled by a great number of l)acteri:t of various kinds. 

To explain this poverty of the niicrobian flora of the intestines in 
these examples mc must postulate some kind of mechanical purifi- 
cation, facilitated by the i»eristaltic movements of the digestive canal. 

Even in animals which have an abundance of, micro-organisms 
in the small intestine, there must be produced some phenomenon 
u liich brings about the disappearance of a certain number of them. 
In mammals the small intestine always contains far fewer micro- 
organisms than does the large intestine ; in birds, the coecum is much 
richer in bacteria than is the rest of the digestive canal. Scluitz^ has 
attempted to demonstrate the disinfecting power of tlie small intestine 
in the dog by feeding it on substances to which he had added a lai’ge 
number of (lamaleia’s vibrio {Yihvio metchnilvvi). After convincing 
himself that raicro-oiganisms perish in the digestive canal and are 
never found in the excrementa, Schiitz introduced into his dogs 
[443] a cannula, one lu-anch of which passed into the ])ylorus, the other 
into the duodenum. By means of a small apparatus he could readily 
interrupt the communication between the stomach and the intestine. 
The vibrios, mixed with biscuit, and softened with watei’, introduced 
directly into the duodenum (whilst the stomach was kept completely 
isolated), penetrated into the large intestine in small numbers only. 
Tlie lower part of the colon, the rectum and the excrements gave no 
cultures of vibrios and did not give rise to any growth except that of 
the Bacillus colL In this case the disinfection of the intestine took 
place without any help from the gastric juice. Further, when Schiitz 
killed dogs, after giving them food in which vibrios were mixed, these 
organisms were found in the intestine only. Tlie gastric acidity, 
therefore, is not capable of killing these organisms, or of preventing 
them from passing into the small intestine, in which alone they were 
killed. It was only with the aid of purgatives, such as castor-oil or 
calomel, that Scliiitz succeeded in preserving the vibrios in the intes- 
tines and in finding them in the dejecta. This observer did not carry his 
investigations further and did not make out the mechanism by which 

> Jierl. Min. iVchnschr., 1900, S. 553. 
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the small intestine destroyed such large nnmV)crs of vibrios. Ho 
supposes that alongside a mechanical factor, such as tlie very active 
])eristaltic movement, there exist othei'S, perhaps chemical processes, 
capable of killing these micro-organisms. 

This qnestioTi of the defensive action in the small intestine is, 
consequently, far from being settled. The data collected indicate 
merely that the probleAi is a very complex one. It has l)eeu sho^vn, 
however, that very virulent bacteria may pass through^ tlie tligestive 
canal not only without injuring the animal but even meeting thcii- 
own deatli in this organ. The fintlirax bacillus, so fatal to mice and 
guinea-pigs, may l)e swallowed by these animals without the slightest 
danger to them. It may then be found in the small intestine, but not 
in the Large intestine, this proving that the gastric acidity is incapalde 
of destroying them outright. To i»roduce generalised anthrax by 
way of the intestine, it was necessary that the animals should swallow 
the spores of anthrax along with s[)iny plants, as in the experiments 
of Pasteur and his collaborators^ or along with sand or powdered 
glass. In these cases the intestinal lesions served as the port of 
entry for the bacillus, the intact mucous membrane of the intestine [4 » 4 ] 
preventing their penetration. Mitchell, in an unpublished work, 
undertaken in my laboratory, succeeded in giving fatal a)ithiax to 
guinea-pigs, even when he fed them with spores mixed with the 
“ crumb ” of bread soaked in milk. During the whole period of the 
experiment the animals t(»ok no food capable of producing lesions 
of the wall of the intestine. But examples of infection under these 
conditions are altogether exceptional. In the great majority of 
instances the animals u'ere not attacked. The same rule applies also 
to many other micro-organisms, which can be ingested with impunity 
although their inoculation into the blood and tissues sets up infections 
Avhich are inevitably fatal. Many animals may, without running the 
least risk, swallow large numbers of bacteria which in man produce 
grave intestinal disease. Thus, it has never been possible to produce 
typhoid fever regularly and with certainty in any of the species of 
animals to which masses of typhoid coccobacilli were given by in- 
gestion. We may recall the difficulties which so many investigators 
have met with in inducing intestinal cholera in laboratorj^ animals, 
which are so refractory to Koch’s vibrio. Only very young animals, 
especially unweaneil rabbits, are capable of contracting fatal intestinal 
cholera,, but these animals may contract it not only from the true 

^ CoTnpLretiit Amd d, SC., ISSOf U xoij p. SO, 
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cliolora vilnio but also from Oanialeia's vibrio. As soon as rabbits 
begin to feed on vegetables the}’ acquire an iimauuity which is 
insui)erable. 

Jt is most assuredly not the digestive ferments of the intestine 
tliat protect the animal against infection through the intestine. 
The contents of every ])art of the small intestine of the Vertebrata 
permit an alnindant development of all sotts of bfictena-, and in 
solutions of trypsin not only do pathogenic and resistant micro- 
organisms grow luxuriantly, but also sai)ro])hytes and the most 
inotiensivc ba(*teria. AVeigert^ influenced by this fact even saw in it 
an objection to the theory that the destruction of micro-oiganisms 
ill the animal, notaldy that which is effected by the phagocytes, is to 
be regarded as an act of digestion. It is a remarkal>le fact that 
hi 1st trypsin is so i)Owerless against micro- organisms the intra- 
cellular feruients, and cB])ccially micro-cytasc, whose kinsliip with tlie 
group of trypsins ivS undeniable, are able to bring about their digestion 
so completely. 

] It was thought that among the digestive fluids the bile more 
esj)ecially exerts a definite antiseptic iMDwer. It is iindeniublo that 
this fluid is not iiuHtterent for certain bacteria. Talma affirms 
that it is bactericidal for several micro-organisms, osi)eciaIly the 
diphtlieria bacillus. In many of his experiments, hoAvever, the bile 
proved to be incaynible of killing micro-organisms introduced directly 
into the gall-bladder. According to the researches of Gil}>ert and 
Dominici’^ the bile does not prevent the abundant dcveloi)ment of 
micro-organisms capable of setting up diseases of tlie biliary passages, 
such us the Ikwlllms eolL I have tried to prevent tlie multiplication 
of the cliolera vibrio liy the addition of bile, but my results were 
entirely negative. If the bile in an undiluted state has such a slight 
action iqion so many kinds of bacteria, it is evident that we cannot 
count u]>ou its antiseptic action when it passes into the small 
intestine, where it is mixed with, all sorts of other substances. 

The digestive fluids of the small intestine, either those that are 
non-bactericidal, the iiancreatic juice, or those that are not very 
active, the bile, are, nevertheless, capable of producing a marked 
influence on certain [poisons, and amongst others on certain microbial 
toxins. According to the experiments of Nencki and of Mmes Sieber ; 
and Schoumow-Sinuinowski (/.c.), tiypsin is much more antitoxic 

* Fortschr. d, Med., Berlin, 1888 , Bd. vr, S. 809 . 

^ Compt. rend, So€,de Mol, Paris, 1894 , p. 38 . 
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against tlie diphtheria poison tlian is pepsin. Thus, the pancreatic 
juice of both tlic rabbit and the guinea-pig destroys this toxin much 
more actively than does the gastric juice. The pancreatic juice of the 
dog exerts a very powerful action on the same toxin. A gramme of this 
fluid neutralises ten thousand lethal doses of the toxin. Wehrmann, 
also, found that trypsin inhibits the poisonous action of snake 
venom. Jhle also exerts an action upon cei-tain poisons. Mixed 
with diphtheria and tebinus toxins it prevents tlieir pathogenic offect. 

It also neutralises the venom of snakes, as has been observed bv 
I^rascr^, Phisalix"* and Calmette*. All the venoms, wlien ])laceil in 
contact Avith fres]^ bile for 21 hours, induce no injurious effect when 
the mixture is injected into normal animals. Bile, heated to 100" ( '.,[146] 
and even to 120" 0., is .still, though more feebl}", active. To ol)tain 
these results, hoAvever, it is indispensable to prepare, beforehand, 
a mixture of the two fluids. When injected seiiaratcly, whether at 
the same time as, before, or after, the venom, the bile does not 
l)revcnt poisoning, 'fhe A’cnom Avhen injected directly into the gall- 
bladder of the rabl)it sets up fatal intoxienrtion to the same degree as 
does the same dose of venom introduced subcutaneously. (Admett(\ 

Avho made this experiment, explains this negative result as due to the 
too rapid absorption of the venom, which has not had time to be 
aftected by tlie destructive action of tlie bile. 

A protective action of the bile has been determined with regard 
to two vinises, the micro-organisms producing which arc not, as yet, 
known. Koch* succeeded in vaccinating Bovidae with the bile of 
animals that had died from rinderpest, and Frantzius'" prevcided 
animals from contracting rabies when lie inoculated into them r:il)ic 
virus mixed with the bile of rabbits that had .succumbed to that 
di.sease. A^'aU^e' points out, however, that the bile of the normal 
rabbit produces exactly the same effect. Here, then, we have to do 
with a preventive action of the bile, as such, against the rabic virus. 

Ill the present state of our knowledge it is impossible to say whetlier 
this influence of the bile is directed against the toxin or against the 
unknown micro-organism. Analogy would lead us to accept the 
former of these two suppositions. 

1 Brit. Med. Journ., London, 1897, VoL il, p. .596. 

Cmnpt. rend. Soc. de biul., Paris, 1898, p. 1057. 

^ Ann. de I’ Inst. Pasteur, Paris, 1898, t. xu, p. 345. 

Deuiseltemed. Leipzig, 1897, SS. 225, 241. 

® Centralbl. f. Bakteriol. u. Parasitenk., Jena, 1898, Abt I, Bd. .vxiir, S. 782. 

® wlan, rfa Paris, 1899, t XIII, p, 506. 



42(5 


Clmpter JUT 


Tlie bile, active against certain poisons, <loes not, hoAverer, prevent 
poisoning by cholera toxin nor by that of botulism, two most tyi)i«il 
intestinal intoxications. 

Since diastases aiwl the digestive juices are incapable of aflecting 
micro-organisms and since certoiu of these latter perish in the intes- 
tines we must seek some other cause for tlieir destruction. It is 
inobablc that tlie vital competition among* the micro-oi’ganisms, 
M'hose role could be foreseen in the buccal cavity, is of still greater 
importance in relation to the phenomena of pathogenic action or of 
the innocuousness of infective bacteria in the intestinal canaP. This 
complex and difficult ciia|)ter, up to tlie present, has been studied 
in a very imperfect fashion. In our observations on cholera we 
liave remarked that under certain conditions the cholera viljrios do 
not develop on gelatine plates, except in the neighbourhood of 
certain adjuvant micro-organisms such as tlie ff’orulae and the 
Sarcinae. (luided by tins fact w'o have succeeded in producing 
intestinal cholera in suckling rabbits, with races of vibrios which, 
when ingested alone by tliesc animals, remain innocuous or set up 
the disease only occasional!}'. We have convinced ourselves of the 
lielpfu! action of certain representatives of tlie gastro -intestinal flora 
upon true ciiolera^. Following on these observations, it was fpiite 
natural to suppose that this flora might also contain micro-organisms 
capable of hindering the development and toxic action of the choleia 
vibrio. Wc have even advanced the hypothesis tliat the.se “hindering” 
micro-organisms in the flora of tlie iligestive canal may explain the 
immunity of animals, of many human individuals, and even of the 
population of unattacked towns, to intestinal cholera. We should 
have, then, in the inte.stinal contents, inhabited by a number of 
micro-oi’ganisuis and deprived of bactericidal juices, an important 
factor which in many cases guarantees a refractory condition. It 
must be stated, however, that prolonged studies, carried out with 

‘ Perhaps the intestinal rnicro-organisins also play a part in the immunity of tho 
juiimal agaiii.st Kntozoa. Many of tlie examples of tills immunity are very kriking. 
Oertain inte.stinal wonns can live only in the digestive canal of a single or of a very 
small mimlier of species of animals. When we feed rabbits with a ipiantity of the 
cy.sticerci of the pig these pass living into the small intestine and are there trans- 
formed into true seoliccs. But, insteaii of reprodneing themselves, they are expelled 
and never give rise to tho development of taeniae. The immunity against intestinal 
parasite-s has never been made the object of special study, and it is only as a pure 
bypothesis that I oder this .suggestion as to the part played by tho micro-organisms - 
of the intestinal dura. 

“ Ann. de i’lmt. Pasteur, Paris, 1894, t vur, p. S49. 
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the olyect of demoiisti'ating in sucklitig rabbits the precise ])iirt 
played by tlicse micro-organisms Avhich prevent cholera, have not 
given any satisfactory results. This avc attribute to oui* ver\ im- 
perfect knowledge of the microbial population of the digestive organs. 

If the destruction by representatives of the normal intestinal flora 
of the micro-organisms which penetrate into the intestines has not as 
yet been satisfactorily ’demonstrated, the power of these latter to 
destroy microbial toxins cannot be doubted. We^ have shown that 
a great n\nnbcr of micro-organisms develop well in broth cultures of 
the tetanus bacillus which contain a quantity of S[)eciflc toxin. 'I'his 
toxin is destroyed under the influence of this microbial vegetation, 
but the production of antitoxin never results. Oharrin and iMangiu- 
have observed similar facts. 

As the destructioti of bacterial toxins by micro-organisms takes 
])lace with great constancy and rapidity, it is (piite natural to suppose 
that the same phenomenon occurs also in the intestinal canal of living 
animals in Avhich pathogenic micro-organisms have succeeded in 
seci'eting their toxic products. 

The liver having long been recognised as the purifying organ 
of the products resulting from digestion, it has been asked if it might 
not also play a part in the destruction of microbial poisons. Certain 
facts point to its iidiibiting influence on the action of nicotin, atropin, 
and of certain other alkaloids, and we have other facts which 
demonstrate the power of the liver to transform into urea tlie 
aramoniacal substances arising from the activity of the digestive 
glands. When Nencki, Fawloftj and their collaboiators'* succeeded in 
making the portal vein communicate with the vena cava, and thus 
were able to suppress the purifying function of the liver, they found 
that their dogs liecame poisoned in consequence of the accumulation 
of ammonia in the animal organism. 

Guided by these data as to the protective rule played by the 
liver an attempt was made to apply them to the action of this organ 
on bacterial toxins such as the diphtheria poison. The numerous 
attempts undertaken in this direction have given negative results : 
the liver was not found to be capable of destroying this toxin. 
Bouchard, Charrin and Ruffer have studied the action of the liver on 
the pyocyanic toxin. They thought that they could make out a 

^ Ann. de I'lvst. Pagteur, SO‘2. 

* Cornpt. rend, Soc, dehioL^ Paris, 1897, p. 545. 

^ 6f<? St Petersbuurg’, 1892, t. r. 
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certain antitoxic action of this organ, but, later, Charrin’^ convinced 
liiinself that tlie bacterial secretions are only “ moderately modified ” 
under these conditions, and that it is more especially the i)arts soluble 
in alcohol which undergo modification in the liver. Is^ow, the true 
bacterial toxins, as is well known, are distinguished by their 
insolubility in alcohol. Moreover in the numerous experiments made 
by Roux and Vaillard and so many other observers on the tetanus 
and diphtheria toxins there has never been any evidence of any kind 
of antitoxic action of the liver. 

The digestive organs are furnished throughout Mith a defensive 
[449] apparatus against micro-organisms ; this consists in an accumulation 
of lym])hoid tissue in tlie form of patches or groups of solitary' 
glands : — tlie tonsils, Pcycr’s patches, and the solitary glands of 
the intestine. These organs produce a large number of phagocytes 
Avhich are able to come into close contact Avith the micro-organisms. 
Ribbcrt^ and Rizzozero® have, independently or almost simultaneously, 
described glandular masses in the coccura of tlie rabbit in Avhich they 
recognise the presence of many micro-organisms derived from the 
intestinal content. They noted that the gi'eater number of tliese 
liacteria Avere Avithin cells, and regai’ded this as an example of 
])hagocytic reaction. Manfredi^Avas able to confirm this interpretation 
by the demonstration that the ingested micro-organisms Avere dead. 
Ijatcr, Rufier® studied this question in my laboratory. He observed 
intestinal phagocytosis in Peyer’s iiatclics in several species of animals, 
and shoAved that the lymphoid tissue contained large macrophages 
filled with bacteria and microphages in process of intracellular 
digestion. Amongst these latter he recognised leucocytes, Avhich in 
turn contained micro-organisms. The accnmulation of phagocytes 
in the lymphoid organs of the digestive canal constitutes, so to speak, 
the last act of a struggle which is spread over a very Avide field. 

Some years ago Stiihr demonstrated® that the Avail of the intestine, 
and especially the tonsils and other lymphoid organs, are traversed 
by an enormous number of leucocytes which execute a kind of 
migration toAvards the cavities containing micro-orgauisms. This con- 

’ “ Les defenses naturellcs de I’organisme,” Paris, 1S9S. 

- Deutsch-e mcd. Wchnschr^ Leipzig, 1885, S. 197. 

’ (kntralh.f. d. med. Wimensch., Berlin, Jalirg. 1885, S. SOI. 

* (iior. interHaz. d. sc. med., Napoli, 1880, p. 318. 

•' Quart. Journ. 3Iier. Sc., Lend., 1890, Vol. xxx, ii.s., p. 481. 

“ F'OrAojc’!? ylrr/iic, 1884, Bd. xcvii, S. 211. 
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tinual and normal condition is often tenned Stohrs plienoiiieuou. 

It is evident tliat we have here a process of pliagoc} tic (hdeiico i]i 

which the leucocytes, disseminated tlirough the digestive canal, give 

chase to the micro-organisms that arc nearest to the living portions 

of this organ. Wlien we remove a i)article of mucus from the 

surface of the tonsils of a person in g<^od health wo always Bml 

that it contains leucocytes, especially micropliages, filled with 

micro-organisms of all kinds. 

^ 

The protection of tlie digestive mucous membraue is a niore 
complicated process than that of other mucous membranes, and mauy [^r>o] 
of the points coaieerucd therein arc still obscure and need to be 
elucidated by further researcli. It miglit be tliought that the pheno- 
meua, associated with tlie defeucc of the mucous membrane of the 
genital organs, being much more simido and yet of similar nature, 
shoufd be much moi’c easily nuwle out, and that tliese would throw- 
light on several aspects of the })roblcui of the general defence of 
tlie animal. Obstetricians and gynaecologists have certainly given 
much attention to this question as regards the female genital organs, 
but we are still fai- from possessing a satisfactory know'h;<lgc of this 
subject. There ali-eudy e.\ist.s qiute a litoratiu-c on the question, 
dominated by the work in two volumes published by Menge and 
Kronig’, but a satisfactory solution has still to be obtained. 

At birth the vulva and the vagina are free from micro organisms, 
but they soon become inhabited and a fairly abumlant flora, in 
Avliicb may be recognised certain predominant sjiecies, such as the 
bacillus of Doederlcin, is developed. Micro-organisms, therefore, 
can exist in the vulva and the vagina, and yet, when Ave intro- 
duce into these oi’gans cultures of various bacteria, saprophytic 
or pathogenic, they soon disappear. We liavc the phenomenon to 
which Menge has given the name of “autopurificatiou” of the female 
genital organs. He himself, as Avell as his predecessors, Doederlein 
and Strogariofij tried to make out. the mechanism of this purification. 

In the new-boni female child the phenomenon is less complicated 
than in the adult. According to Menge the acidity of the vaginal 
secretion in these infiints at firet prevents the development of a 
large number of liacteria. Associated with this factor is a marked 
emigration of leucocytes, which destroy the bacteria by an act of 
phagocytosis, or perhaps by their products that have escaped into 
the vaginal mucus. As a third element to which much importauce 
^ “ Bakteriolo^ie des weiblieheii Gemtalkaua^’^ 1897. 
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is attributed, we must accept tlie iiiterveutioii of acidopliile V)acteria 
which grow well in acid secretions but which hinder the development 
of otlier micro-organisms. Doederlein concludes tliat it is more 
especially to the bacillus which bears his name that the vagina owes 
its protection against infective germs. Menge, howevei’, attributes 
this action to a whole series of bacteria. 

After introducing a quantity of the Staphyloeoccm pyogenes 
into the vagina of new-born females, Menge found that they grew 
[),')!] for a certain length of time. Their presence excited a gieat ac- 
cunndation of leucocytes in the vaginal mucus, tins being followetl 
by a very marked ingestion of the micro-organisnrs, but it was only 
from the moment when the vagina became jjeoplcd with tlie bacteria, 
which constitute its normal flora that the staphylococci began to 
disappear. This process of autopurification only ceased three days 
after the introduction of these bacteria. Menge asked himself 
whetiier some purely mechanical element did not contribute to rid 
the vagina of the micro-orgiunsm.s which had entered it. IV) settle 
this point he introduced into this cavity grains of veianilion, and 
as these latter remained there for a longer period tlian did the 
niicro-organisins, he concluded that the vagina wa.s incajiablc of 
purifying itself by mechanical means. We must, however, in these 
ex])eriments take into account the fact that the micro organisms 
wliich Menge introduced into the vagina excited considerable reaction, 
accompanied by a marked leucocytosis. Under these conditions 
there should be jn’oduced a greater quantity of the mucous secretions 
which could much more readily carry oft’ with them the micro- 
organisnis that had come into the vagina than the smaller quantity 
could deal with the vermilion. It is very i)robable, therefore, that, 
just as in the case of the other mucous membranes, that of tlie 
female genital organs is capable of mechanically expelling fine 
particles, and especially micro-organisms. 

With the object of tlirowing further light on the problem of the 
autopurification of the vagina, Cahanescu*, working in my laboratory, 
undertook experiments on the females of several species of mammals. 
The mare, as jtroducing the greatest amount of vaginal mucus, was 
selected by this observer as suitable for the settling of this question 
of the bactericidal piower of this secretion. The result was absolutely 
negative, even when such an inoft’ensive saprophyte as the Coceo- 
bncllliis prodiyiosiis was used. The autopurification of the vagina 
* Ann. de I’liui, Prt«/eMr, Paris, 1901, t xv, p. S t‘2. 
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of the female rabbit and guinea-pig, was feund to be neither 
very marked nor very active. The micro-organisms iiitrod viced into 
the vagina usually i-emained there for some time. Of all the factors 
in tlie microbial destruction Avhicli Cahanescu was al>lc to make out 
that of the accumulation of leucocytes was the most active. Some- 
times lie observed an extraordinary amount of phagocytosis, wliilst 
in other experiments^this was slight or even alvseut. Many of the 
leucocytes being killed in the vaginal nuiciis, it is possible that in 
some cases a certain bactericidal action of the cytases whicli have [tr)2] 
escaped from these dead leucocytes is set u)). It is true that the 
vaginal secretion of the mare dhl not cxliibit tliis antimicrobial 
property iu vitro, but in the other animals exiverinieuted upon it 
was found impossible to make similar experiments, the quantity of 
imicus being too small. In woman the aeiditv of the surtVice of the 
mucous membrane of tlie vulva and of tlie vagina, so fi’c<iuently 
])i-escnt, may play a certiiiu part in the protective action against those 
bacteria uhich cannot tolerate the acid medium, but tlie animals 
studied by Cahanescu, e\en female dogs, do not possess tins advan- 
tage, their mucouH membranes usually liaviiig an alkaline reactiou. 

In the urinary channels this acid reaction also plays a part, as one 
of the defensive agencies against the penetration of bacteria. Tliis 
may also be effective in man and other animals that have an acid urine. 

In many other animals, however, where the urine is alkaline micro- 
organisms do not pass into the deeper parts of the ui'iuary organ 
under normal conditions. Here it is to the outflow of the urine that 
the bladder owes its immunity against pathogenic micro-organisms 
and saprophytes. When we connect two flasks containing sterilised 
broth in such a way that the fluid flows slowly from one of them into 
the other, the former never becomes contaminated by the micro- 
organisms which arc present in the latter, in wliicli latter the broth 
is soon transformed into a pur^e of bacteria, whilst iu the former 
the broth remains unaffected arrd aseptic. This purely mechanical 
factor has been well brought out by Preobrajensky^ as the result 
of w'ork carried out in Duclaux's laboratory. The sterility of tlie 
normal urinary bladder must be attributed to a similar cause. When 
the urine begins to stagnate iu the bladder it very readily becomes 
contaminated. 

Since the acceptance of the view that tlie suprarenal capsules 
serve to neutralise the effect of certain toxic substances elaborated 
^ Ann, Piuteur, Paris, t p. 6^9. 
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ill tlie body, tlicre lias been an inclination to assume that these 
organs iniglit also fulfil an antitoxic rule against microbial poisons. 
The hypothesis was advanced that this function might be shared 
by the suprarenal capsules with the thyroid gland and with certain 
other problematical organs. We Jiave already stated (Chapter v) 
that tlie sujirarenal capsules, in some experiments where spermo- 
toxin was injected into rabbits, exhibited a certain antispermotoxic 
[433] power, but, 111 ) to tlic present, no exact fact has been observed that 
would favour the idea of an antitoxic action of the aliove-mentioued 
organs against bacterial toxins. Iloux and Yaillard^ in their great 
work on tetanus, have made experiments in this dL-cctiou, but their 
results did not justify them in giving a positive answer to tlie 
question. 

Nature does not make use of antiseptics to protect the skin and 
tlie mucous membrane. The iluids which moisten the surface of the 
mouth and of other mucous membranes are not microbiciilal, or 
are so to a very slight degree, and then ratlier of an exce{)tional 
nature. Nature rids the mucous membranes and the skin of a large 
number of micro-organisms, eliminating them by epithelial desquama' 
tion, and expelling them along with fluid .secretions and exci’etions. 
Nature, like the doctors of the present day who replace antisepsis of 
the mouth, intestine, and other organs by washing with pure physio- 
logical saline solution, has chosen this niecluuiical method. She 
avails herself of the help of inofl'easive micro-organisms to prevent 
l»athogenic micro-organisms from taking up their abode in these 
positions, and she is constantly sending to all the mucous membranes 
and the skin an army of mobile phagocytes which explore the ground 
and rid it of micro-organisms. When these begin to get more 
numerous the pliagocytic reaction becomes more intense. A struggle 
bdees place between the two living elements — phagocytes and micro- 
organisms, In those cases where the animal remains unafl'ected the 
former gain the upjier hand. 

* Ann. de riust. Pasteur, Paris^ 1893, t. vii, p, 65. 



CHAPTER XIV [154] 

IMMUNITY ACQUIRED BY NATURAL MEANS 

Immunity acquired lifter recovery from infectivo diseases. — Tirimnuity acquireil in 
malaria. — lliiiiioral properties of convalescents from typhoid fever. — Preventive 
power of the blood of persons who have recovered from Asiatic cholera. — 
Antitoxic power of the blood of persons who liave recovered from diphtlieria. 
Immunity acipiired by heredity. — Absence of hereditary immunity properly so>called. 

-^^Immuiiity conferred by the maternal blood and by the yolk. 

Immunity conferred by the milk of the mother* 

It has long been known that an attack of one of many of the in- 
fective diseases brings about a refractory condition of the organism 
against tliat disease^ a condition which persists for many years, anti 
may even endure for life. h]ven before the microbiological era of 
medical science had arrived it had been fully established that a 
l)erson who had recovered from small-pox might come in contact 
with and nurse small-pox patients witliQut risk of contracting a 
second attack of the disease. The same thing has been observed 
purely empirically in several other infective diseases, such as 
whoo|)ing-cough, typlioid fever, scarlatina, mumjis, etc. On the 
other hand it has been shown that certain infective diseascvs, such 
as fibrinous pneumonia, erysipelas, recurrent fever, and influenza, 
do not leave behind them the slightest trace of an immunity. It 
has often been observed, indeed, ^hat after a first attack of any of 
these diseases there is a marked susceptibility to a second attack. 
Between these two extremes come tlie infections which are followed 
merely by a refractoi^y condition of shorter dunition than that Avliich 
follows the diseases of the first group. The first of this intermediate 
group is measles, which gives rise to a relatively long immunity, then 
come in order bubonic plague, authi’ax, cholera, etc. 

It should be stated that the first attack of *any of the infective 
diseases causes modifications more or less permanent in the organism. 
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and is always followed by iinnmnity. Even in erysipelas, a disease 
[455] where the relapses are so frefpieut that certain individuals are, so to 
sjieak, ](redestincd to re-aeqnire it at short intervals, an immunity is 
produced, but a A cry transient one. Since the discovery of tlie strepto- 
coccus of erysipelas by Feldeisen^ this observer, and several other 
investigators, have inoculated it into pereons afi’ected Avith malignant 
tumours. In the course of a series of experimental cases of treat- 
ment it Avas r oted on several occasions that after a first inoculation, 
followed by typical erysipehis, a period of immunity Avas developed, 
during Avhich the introduction of the streptococcus {»roduecd no 
restilt. It has also been observed tliat recuiYcnt fever, Avhen 
inoculated into monkeys, sets up a very transient but real re- 
fractory condition. In fibrinous pneumonia, also, the relai)ses arc 
generally separated by periods of immunity^, of longer or shorter 
duration. 

It was generally supposed that an attack of malarial feA^er was 
not only not folloAA'ed by any immunity, but that a first attack 
])redisposed the organism to a second. Facts of this kind have 
often been observed and cannot now be (lucstioued. Kevertheless, 
an ac(piired immunity against malaria is developed under certaiti 
conditions. During his travels in New Cuinea, Koch- found that in 
certain regions whilst most children beloAV ten years of age are 
attacked by malaria, and Laveran’s parasite can be demonstrated in 
their blood, older cliildrcn and adults are completely immune from 
this infection. Koch is convinced that in this instance aa-c have an 
exanqde of imumnity acquired by natural means as the result of an 
attack of malaria at the youtiger age. This great observer bases his 
conclusion on the fact that unattacked adults, coming from distJ’icts 
where the children contain the parasite, do not contract malaria Avhen 
they migrate to other malarial regions, AA’hilst natives coming into 
these .same regions from districts wliere malaria does not exist are 
soon attacked. Max Glogncr-’ has attempted to explain these facts 
established by Koch, on the assumption that the unaffected adults 
simply benefit by their natural immunity and that we have here 
a kind of selection : the adults who are susceptible to malaria die as 
the result of this disease, Avhilst othera, naturally refractory, resist and 
[4.50] show tl»em.sclves incapable of contracting the disease even in other^ 


* “Die Etieiogio ilcs Hrj sipcl.s,” Berlin, ISSO. 

“ Deul»diA nu’d. W'dimchr., Leipzig, 1900, SS. 781, SOI. 
5 Virchow n Archie, 1900, Bd. ci.xir, S. 22‘2. 
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malarial re.i^ions. Glogncr in support of liis view cites tl)e case oI‘ the 
cbil(li-on of the orphanage at Samarang (Java), Mho for many years 
are subject to relapses and to malarial re-infections and are ineai)Mblc 
of acquiring the slightest immunity. According to Kocl], Clognej 's 
example cannot be compared Avitli that of tlie children of Xew Guinea. 

In the former case, the natural course of the disease is interriq jted l)y 
treatment with (piinine, which must prevent immunity being set up ; 
whilst, in tlie latter, the children are abandoned to tjieir fate, and, 
receiving no treatment, slowly acquire a true immunity. It is 
evident tliat this ac(purcd immunity in malaria is a complex jdicno- 
meiion on winch* fresh researches must be made; but it cannot be 
questioned that, under certain conditions, it comes under tlie general 
rule and can be naturally ac(piired. 

Tliis general rule is that, in infective diseases, immunity is 
usually (levelojied after a first attack. The acquired refractory 
condition is of very long duration in certaiii cases, but veiy 
transitory in others. To the discovery of the vaccination by at- 
tenuated micro-organisms, made by Pasteur and his collal>orators, 
the objection was often made tliat many diseases, sucli as anthrax, 
might relapse. This is undoubtedly the case; the anthrax bacillus 
may attack the same individual several times ; ncvertlieless the 
acquired immunity against this disease is very real, though the 
refractory condition lasts for one or a few years only, instead of 
persisting for a very much longer period, as in the case of tyjihoid 
fever, miinqis, and small-pox. Bearing in mind the ])Ossibility of a 
relapse in the case of these infective maladies, attempts at artificial 
vaccination should never be relinquished. 

Among the examples of immunity acquired by natural means 
must be cited that of syphilis, a very special case. It has long been 
known and demonstrated by numerous experiments on man, tliat 
individuals who have presented the primary symptoms of syphilis 
contract a marked immunity against a new infection. Tlie syphilitic 
chancre does not relapse, and yet this very manifest and persistent 
immunity does not prevent the individual, immune against re-infcc- 
tion, from continuing to be ill and of being tlie field for tlie later 
syi>hilitic phenomena. This special refractory condition has done 
great service in establishing the etiology of certain diseases which mo [45V] 
Mere justified in suspecting to be of syphilitic prigiii. Many clinical, 
observers liave accepted this origin for general progressive paralysis. 
Others deny any causal relation between the two diseases. Krafll- 
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Elniig^ has resolved this question l)y the application of tlic law of 
acquired syphilitic immunity. The inoculation of tlie syphilitic virus 
into ten pei’sons attacked by general i)aralysi3 was followed by no 
chancre at the seat of inoculation and by no other pi-imary or 
secondary symptom of syphilis. The patients with general paralysis 
present a real immunity against these symptoms ; consequently 
general j)aralysis is a tardy manifestation of syphilis. 

The acquired immunity against re-inoculation by the syphilitic 
virus is estiildished immediately after the end of the period of incuba- 
tion of the first infection, and is of lifelong duration". Besides this 
very special and, so to speak, partial immuuity, therO'Cxists in syphilis 
a second form of acquired immunity winch is of a more general 
nature. According to the law known as the law of Baumcs-Collcs, 
the mother who suckles her infant, hereditarily infected with syphilis 
through the father only, enjoys a real anti-syphilitic immunity. 

In tuberculosis the few facts of acquired immunity that have 
been observed present a certain analogy with those bearing on im- 
munity in syphilis. A large number of well-observed facts demon- 
strate that a person who has sutfered from scrofula or has manifest 
symptoms of tuberculosis properly so called, cannot count upon an 
immunity against pulmonary phthisis. It might, then, be sni)posed 
that no acquired refractory condition exists in coimection with this 
disease. Koclrt has clearly demonstrated, however, that tuberculous 
guinea-pigs, into Avhich the bacilli of tuberculosis have been intro- 
duced subcutaneously, react against these bacilli in a very special 
manner. The presence of tliesc; ndcro-org<inisms immediately sets up 
an active inflammatory process at the point of inoculation ; this brings 
about the expulsion of the .bacilli with the c.\udation ; a voluminous 
slough is developed, winch, wlien shed, carries with it a large number 
of bacilli, a process followed neither by the formation of a ])ermanent 
idcer nor by hypertrophy of the neighbo\iriug glands. As in syphilis, 
the animal has acquired immuuity *against re-infection by the tuber- 
si culous virus, Avhich, however, in no way prevents the first inoculation 
from becoming generali.sed and setting up a fatal tuberculosis of 
almost all the organs. Koch’s observations, which have served as the 
basis of his researches on tuberculin, have been conflimed by other 

‘ Address given at the Xllth International Congress of Medicine at Moscow, 
]Sf)7. ' ' 

- See Hudalo, Ann. Ae derrmi. et de stfph., Paris, IS91, t. ii, pp, 353, 470. : 

^ Deutsche mal. fPr/t/iscwn, Leipzig, 1S9J, S. 10]. ; 
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investi 5 ?ators. The reaction of the tuberculous organism against re- 
infection has received the name of “ Koch’s pheuomenon.” 

Clinical medicine has afforded many data of the Iiigliest inipoi-t- 
ance bearing on the establishment of an acquired iininnnity in inanv 
infective diseases ; but a scientific study of the meclianism of this 
immunity could only be founded on the residt of microbiological 
researclies obtained dflring tiie recent period of scientific activity. 

Tlie general conclusion to be drawn from these researches is that the 
inirauuity, acquired by natural means, is very analogous to that which 
is obtained artificially by vaccination by the various methods already 
mentioned. The^jhenoinena observed in animals inoculated with the 
various known vaccines present a great resemblance to those tliat 
obtain during recovery from a disease contracted under natural con- 
ditions. To siqiport this thesis it would be necessary for us to survey 
tlie mechanism of healing, which w'ould carry us too far afield, the 
subject being far too vast to be summarised here. We must, then, 
content ourselves with a few remarks inserted for the instruction 
of the reader on this subject. 

Those diseases against which no remedy e.vists ai’e most suitable 
for furnishing us with important information on immunity acquired 
by natural means. We have already seen in the case of malaria to 
what point therapeutic treatment can modify the natural course of 
the phenomena. For this reason it will be useful to consider first the 
immunity acquired as the result of a first attack of typhoid fever. 

The immunity which develops in this example is both marked and 
persistent ; the therapeutic intervention wliich might disturb the 
natural phenomena is nil. 

As yet we do not know the mechanism of healing in typhoid fever. 
This disease affecting the human species exclusively (the experi- 
mental peritonitis of animals, set up by the typhoid coccobacillus, is 
distinguished by very marked differences), it is very difficult to find a 
means of studying it at all satisfactorily during the phase of recovery. 
Even in default of this knowledge, however, it is possible to gather [439] 
some idea as to the changes which the blood plasma undergoes, not 
only diuing the course of an attack of typhoid fever, but also during 
and after convalescence. 

Some time ago Chantemesse and WidaF observed that the blood 
serum of persons attacked by typhoid fever acquires the property of 
inhibiting the experimental peritonitis set up by the typhoid cocco- 
f j4wn. de Paris, 1892, t, VI, i). 773. 
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liacillvis in laboratory animals. The blood of the patient becomes 
“ preventive.” Against this conclusion the olyection lias lieen raised 
that in the large doses of serum employed by the above observers 
a protective etfect can lie obtained, even when using the Idood of 
nonnal men, i.e. neither .sutt’ering from tyiihoid fever, nor having 
recovered from this disease. Later researches, howevei', iiave con- 
firmed the observation made by Chantemesstf and Widal. It is no 
doubt true that the injection of half a cubic centimetre of normal 
human serum into the periteneal cavity of an untreated guinea-pig is 
often sulKcient to lender it refractory to a dose of tyiihoid cocco- 
bacilli fatal to the control animal. We have an oijdinary protective 
action, such as described in Cliapter x. The blood of typhoid 
patients is, however, capable of protecting normal animals, in doses 
which exhibit not the slightest protective action if normal blood be 
used. 

'f’lie jirotectivc power of the blood serum of convalescents has been 
studied very carefully liy Fleifter and Kolleb In certain individuals 
ver\- small quantities ((fOOl c.c.) of this fluid were quite sufficient to 
confer on guinea-pigs an immunity against fatal typhoid jieritonitis. 
This power was at its maximum only during tlie first weeks of con- 
valescence. In one case, in which these observer.s were able to study 
the properties of the blood on two separate occasions, tiny found 
that two months after the first examination there liad been a marked 
falling off in the acquired protective ])ower. in a second case, where 
the blood was examined a year after the patient had recovered from 
a grave attack of typhoid fever, they found only feeble indications 
of this specific protective property. “ Everything seems to indicate,” 
conclude Ffeifier and Kolle, “ that the protective typhoid substances 
Avere raiiidly eliminated by the blood stream. If further researches 
should coufirm these results, as yet few in number, we might conclude 
therefrom that the immunity which, after an attack of typhoid fever, 
[•IBOJ persists for years, frequently even /or the rest of life, would be in- 
dependent of the amount of ready-prepared protective substances 
in the blood (l.c, p, 21f!). The facts upon wdiich this conclusion is 
based confirm the general thesis that even acquired immunity is in 
no way the function of any humoral property. 

Wte know that in the protective serums there i.s constantly found 
the s[)ecific fixative (the sensibilising substance of J3ordet, the inter- 
mediary body or amboceptor of Ehrlich). It was, therefore, quite 
* iir^ife/ir.y; //yg'., Leipzig, 1896, Bd. XXI, S. 213. 
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natural that this substauce should be sought in the blood of patients 
M’lio were sufteriug, or had recovered, from typhoid fever. Bordet and 
Ocngou^ easily demonstrated, by the method described in Chapter ix, 
the existence of typhoflxative in the blood serum of two individuals 
convalescing from this disease. 

Widal and Le Sourd- extended this discoveiy to the blood taken 
during the course of feiie (lisease from ty]>hoitl fever patients. 'I'he 
ten cases studied by them all gave a positive result, whilst all the 
samples of blood from persons sulfering from various bther diseases 
])ossessed no tyx)hotixatiAa\ As yet we do not know Avhether this 
snlxstance pcrsist§ for any length of time aftei" rcc’overy or not. In 
this res])ect Ave IniA^e much more information concerning another 
humoral |)roperty of typlioid j>atients, — specific agglutination. Guided 
by the fact that, caxmi during the course of the disease, the blood (jf 
persons suffering from typhoid fever acquires protective properties, 
Widal sought to find out whether the agglutinatiA'c jAOAver of the 
fluids of the body appears equally early. We kmoAV tliat his studies 
gave a x)ositiAe ansAver, and that the blood of typhoid i)atients may 
have agglutinative properties from the first day of the disease. This 
fact Avas made use of by Widal to esbiblish the serum diagnosis of 
typhoid fever, a method noAv generally used in clinical medicine. 

'file question Avhich most interests us at this moment is Avhether this 
acquired agglutinative jiroperty persists for any length of time after 
the recoA’ery of the patient, and whether it can be employed as the 
measure of immunity obtained. 

In certain cases the serum Avas found to be fiiirly strongly aggluti- 
natiAG for a considerable jieriod after recovery had taken iilace. But 
these cases are rare, and the agglutinativ'e poAver, like the protective 
jiower of the blood, usually begins to decrease very soon after 
recovery. Bensaude^ observed that the fonner disappeared between [Jfiil 
the 10th and 95th day of ajiyrexia. Widal and Sicard* have noted in 
certain of their cases the complete^ disaiqiearance of the agglutinative 
power of the blood, which took place in one case on the Iflth, in 
another on the 24th day of defeiwescence. In many convalescents, 
fifteen to thirty days after the commencement of aiiyrexia, the agglu- 
tinative jHjwer begins to be attenuated. 

1 r/wst iPastewr, Paris, 1901, t, XV, p. 289. 

BuU. et inem. S<>c. mid. d. h&p. de Paris, 1901, ’JO juin, p. 624. 

•’ “Le phenonione do rfigglutiimtion des microbes,” Paris, 1897, P- 76. 

* Pressfl Paris, 1896, No. 83. 
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I’lcvions to those researches on the protectire and agglutinative 
properties, Stern ^ had already put the question : May we not draw 
some general conclusion as to the bactericidal poAver of the blood 
serum of convalescents from typhoid fever? He found that the 
typhoid coccobacilli did not thrive so well in the blood serum of 
persons in good health as in that of convalescents, in Avhich they give 
abundant cultures. AVidal and Sicard {l.c) rubjected this question 
to a fresh examination, and showed that in this respect there 
exists no constant or marked ditference. Thus, in ten samples of 
serums from individuals who had never been under the influence of 
the typhoid infection, four Avere found to be bactericidal for the 
typhoid coccobacillus. In tAvelve other samples, drawn from con- 
valescents from typhoid fcA^er, five exliil)ited a bactericidal poAver 
against the same micro-organism. 

All the researches made on acquired immunity after recovery from 
typhoid fever demonstrate clearly that, in this ease, it is impossible to 
attrilmte it to Immond modifications, AA'hich are usually moi-e transi- 
tory than the immunity. 

The immunity which folloAvs an attack of cholera is fiir from being 
either as poAA'erful or as prolonged as that Avliich follows typhoid fever. 
Certain individuals have contracted cliolora tAvice during the same 
epidemic, but such cases arc excejitional, Avhilst acquired immunity, 
temporary at least, may be looked upon as the general rule. Many 
points in the pathogenesis of intestinal cholera are still obscure ; 
nev’erthcless Ave are Justified in aflirming that this disease is a real 
intoxication by the cholera poison manufactured, in the small intestine 
of man, by Koch’s vibrios. The action of the vibrionic toxin is 
sufficient to set up a grave and often fatal attack of cholera ; but in 
the majority of cases a secondary infection by the vibrio Avhich pene- 
] trates into the intestinal Avail, denuded of its epithelial layer, is 
associated Avith the action of the poison. Sometimes this micro- 
organism becomes generalLsed in .the animal, and is found m the 
blood and in many of the orgjxns. 

The facts I have here briefly summarised may be utilised to explain 
certain characters Avhich are found in the fluids of individuals Avho have 
recovered from an attack of cholera. Soon after the discovery of the 
tetanus and diplitheria antitoxins, and almost immediately after the 
demonstration of the protective poAver of the blood, taking advantage 
of the epidemic of Asiatic cholera, which dev^eloped in Europe from 
' tFcAnscAr., Leipzig, 1892, S. 827. 
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1892, the new data be,!?an to be applied to tliat disease. We liave 
already referred in a preceding cliaptcr to the fact tliat tlie blood 
serum or the blood of those in good healtli and who have never had 
Asiatic cholera, is capable of preventing cholera peritonitis in the 
guinea-pig inoculated wdth Koch’s vibrios. In order to obtain this 
protective action, the injection of a pretty large dose, about lialf a (-.c., 
is necessaiy. This prsperty is in no sense si)ecific, for the same 
blood, injected in tlic same doses into guinea-pigs^ will protect 
them not only against this vibrio, but also, and indifferently, against 
many otlier bacteria, such as the typhoid coccobacillus, the BacUlm 
coli, etc. , 

I'he blood or blood serum, coming from those wlio have recovered 
from Asiatic cholera, may, on the other hand, acquire a specific 
])rotective powder. It will, indeed, prevent infections by other micro- 
organisms ; but, to obtain this eftect, it is neccssai’y to inject the sann? 
quantities of it as of the blood coming from normal individuals. On 
tl)e other hand, when w'C wish to prevent cholera peritonitis in the 
guinea-pig, we need introduce minute (loses only of the serum of 
persons wdio Iiave I’ecovered from an attack of cholera. Lazarus’ was 
the first to make this interesting observation. In three cases of 
cholera studied by him, the scrum withdraAvn some time after recovery 
exhil)itcd an extraordinary protective power ; a dccimilligramme of 
the blood serum of these patients was quite sufficient to prevent the 
death of a guinea-pig inoculated intraperitoncally with the cholera 
vibrio. Soon aftei', G. Klem[)erer^ made a similar observation in two 
other cases that had recovered, but the blood, in his eonvalcscents, 
was much less active than was that in the cases cited by Lazarus. 

Issaeff working in Koch’s Institute in Berlin, examined the blood 
of several persons who had recovered from cholera, and found that [4G3] 
the serum had always acquired a specific [(rotective pnqierty ; this 
])roperty never developed before the third week from the commence- 
ment of the disease, and had completely disappeared as early as 
three months after this period. Several examples studied by 
A. Wassermann* and Sobernheim® fully corroborate this conclusion. 

Our own researches® on twenty-four cases indicate a very great 

^ Berl. Min. 1892, 8. 1072 ; 1893,8.1241. 

* Berl. klin. Wchntchr., 1892, 8. 1267. 

* /Zysr., Leipzig, 1894, Bd. XVI, 8. 308. 

® i%^., Leipzig, 1893, Bd. xnr, 8. 42. 

• Berlin, 1895, 8. 145. 

® Baris, 1893, t. VII, p. 417. 
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variability in tlie proteotiA’^e power of the bloofl of persons avIio bad 
recovereil from cholera. We w'cre able to demonstrate its presence 
in rather more than 5}i per cent, of these cases. Sometimes this 
power Avas almost as marked as in the exam])le given by Lazarus, 
Avliilst in others it Avas v'ci'y feeble, often even nil. Wc Avere unable 
to demonstrate any relation between the gravity of the disease and 
the strength of the protective power of the blwod. Thus, in a mode- 
rately severe case of ciiolcra, a very small (juantity of serum (O'OOl c.c.) 
Avas sutticient'to jirotect tlie guinea-pig fi-om fatol cholera i)eritonitis, 
Avhilst in anothei', an c.vtraordinarily grave case, even a quantity of 
2 c.c. Ava,s incapable of producing the same eHect. Jn these tAvo cases 
the blood had been withdrawn at the corresponding period after the 
connncncemoit of the disease (seventy-third and seventy-fifth days). 
Sobcrnlieim f/.c.) found tl>e protective power of the serum most 
marked in a jierson Avho had cholera vibrios in his normal dejecta, 
but Avho Avas always in good health and Avas only examined because 
he Avas living Avith cholera patients. 

All these observations point to the fact tiiat neither recovery from, 
nor ifumunity against, cholera can be regarded as a consecpicnce of 
the [irotective poAver of the blood. This power does not manifest 
itself until some time after complete recovery has taken place, and 
then disap})oars too soon, that is to say at a moment when acquired 
immunity ought still to be maintained. On the other hand, tlie 
irregularity in the [irotective power of the Idood indicates that this 
humoral property is something secondary. Since Asiatic cholera is an 
intoxication by the cholera toxin, aa'c can readily understand that the 
protective poAver, rcsidting from tlie invasion of the living parts of 
the organism by the vilirios, should here play a part of little import- 
ance. Wc knoAv already that this poAver is due to the presence of 
substances manufactured by phagocytic elements, placed in contact 
[ 401 ] with vibrios. In the experimental infection of rabbits by the cholera 
vibrio, as demonstrated by Pfeitter and Marx, the cells of the spleen, 
of the lymphatic glands, and of the bone-marrow, produce the pro- 
tective substances. We have no idea of the source of these substances 
in Asiatic cholcia in man. 

Asiatic cholera, being an example of intoxication of intestinal 
origin, it might be supposed that the antitoxic poiver of the body 
fluids should be specially manifested after recovery has taken place. 
On this point our knowledge is as yet very imperfect, because it was 
not until after the end of the last epidemic of cholera that avc leanit 
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liow to prepare the toxin. In a ca^ic of cholera (M.S.), contracted 
in onr lalwratoi-y, the blood sernin was examined to iisccrtain its 
protective power and its antitoxic activity. This fluid, Avithdrawn 
more than three weeks after the coininenceinent of tlie disease, was 
found to be protective only in a large dose (0'5 c.c.), in which dose 
even the serum of normal j)ersons is capable of producing tlic same 
effect. It was found in^in experiment Avith suckling rabbits that the 
antitoxic property of the blood scrum of M.S. vvas It did not 
l>revcnt these rabbits fi-om dying of intestinal cholera after the 
absorption of the vibrios, in s[>ite of a dose of tliree c.c. of serum 
injected some time previously. 

This experiment, unique nj) to the present, is, of course, insufficient 
to enable us to affirm that recovery from Asiatic cholera may take 
place Avithout the development of antitoxic power in the body fluids. 

That this is so is, neveiTheless, probable. In other intoxications of 
microbial origin, certiiin data have been collected AA'hich point to the 
same conclusion. Tims, Knorr’^ observed that the blood of guinea- 
jtigs which had recovered from tefcinus did not exhibit any antitetanic 
power. Vineeiisii'^ made a similar observation in a man Avho had 
recoAnjred from tetanus. 

We are much better informed as to the antitoxic j)ropcrty of the 
blood of persons who have recovered from di[)htl)ei ia. KlemcnsioAvicz 
and Eseherich’ have studied tAvo cases of diphtheria in which the 
defibrinated blood withdrfiAvn some time after recovery vvas found to 
be protective for the guinea-pig against a lethal dose of diphtheria 
bacilli. This fact has been confirmed by several otlier olvserv^ers, 
especially by Abel* and Orlowski"’, the latter of Avhom made liis[4G5j 
researclies under the direction of Escherich. In these experi- 
ments the antitoxic poAver of the blood Avas demonstrated against 
diphtheria toxin employed without bacilli. According to the data 
collected by the above authors the antitoxic property of the body 
fluids was not exhibited during tlje early days of convalescence, but 
Avas Avell marked in the second week after recovery. This poAver Avas 
maintained for a short time only, disappearing in a few months. 
Amongst the observations collected on this subject the most inter- 

^ Miinchen. med, 1898, S. 363. 

Deutitchemed, Leipzig, 1898, S. 2^^^^ 

^ CevUralhLf. BakteHoL iL 

* Deutsche med. Wchnschi\ Leipzig, 1894, SS. 899, 936. 
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eating is that made hy Eseliericli. In an infant examined for the 
first time whilst it was still in good licaltb, the blood was incapable 
of protecting the guinea-pig. Some time after this negative result 
had been obtained the child was attacked by a mild diphtheria, which 
gave rise to the development of antitoxin, for its l)lood when again 
examined exhil)ited a vciT high antitoxic powei*. This proves most 
clearly tliat even it slight attack of diphtheria^is capable of prodneing 
antitoxic povYcr in the body fluids. This observation may be utilised 
to explain tluj fre(jUoncy of the presence of this pro])ei*ty in the blood 
of i>crson8 in goo<l health who, according to their own statemeiit>i, 
Itavc never had dii)htheria. This fact has been established by the 
researches of A. AVasseianann^, Abel (7.c.), and Orlowski. According 
to the last observer, tlie blood in one-half the children in the hospital 
at (Jratz wlio had not been attacked with di]>htheria was antitoxic 
against the diplitheria toxin, sometimes even to a highei* degree 
than was that of tiie children who had recovei'ed from this disease. 
Aassermanii has demonstrated that in adults this autidiphtheritic 
power of the blood is even more fre(iuent than in ehihh'en, and that it 
increases with age. Nevertheless, th(*se pci’sons affirm that they have 
never had an attack of tlie disease. To explain this very paradoxical 
fact, Wassermann asked himself wlatlicr the individuals whose blood 
was autidiphtheritic did not owe this property to the action of 
pscudo-diphtlmria bacilli. Altliough inca]>able of causing the disease, 
these l>acilli might, perhaps, exert a certain immnnising influence 
ami give rise to the production of an antitoxin active against true 
diplitheria toxin, liesearches, directed to tlie dealing up of this 
])oint, have not led Wassermanu to reallirm liis suggestion. It must 
lie observed lliat tlu> varieties of tiiese jiseudo-dijihlheria bacilli arc 
[4(J6] munerous, and that smue of them, perhaps, may be ciipalilc of fulfilling 
the function suggested by Wassermann. On the other hand, it is 
proved that the specific and virulent diphtlieria bacillus may be 
found in the throat of persons in good health either witliout inducing 
diphtheria, or only giving rise to a very slight form of disease of very 
short duration. We must bear in mind that in persons who have 
not had typhoid fever, lint who live among }>aticnts suffering from 
this disease, the blood may be very agglutinative (Foerster): that in 
others, unattacked by cholera but containing Kodi’s vibrios in the 
intestine, the bloody may acfjuirc a high sjiecific protectiv^c power 
(Soberuheim). It is probalile that tlie same rule applies also to the 
' Zf$ch)\j\ 1895, Bd. xix, S. 40S. 
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case of (liplitlici*ia, and that, consequently, the blood of persons in 
good health, but containing tlie diphtheria bacillus in their bodies, 
may acquire antitoxic power. 

This liiunoral power, once dcvelo])ed, may even l)e transmitted 
from the mother to the foetus and so become hereditary, Al>cl {L(:^ 
examined the blood serum of four adult women, taking it from 
the placenta after parturition. Each time it was found to be dis- 
tinctly antitoxic against tlie diphtheria toxin. Later, Fischl and 
AVunschheim^ workiiig in (Tiiari’s laboratory in Prague, studied the 
blood of new-born children from the same point of view. Tliev 
showed tliat in thjd majority of cases this iluid prevents the produe- 
tion of a fatal disease in the gnincaq)ig, in s]>ite of the injection of 
several letlial floses of very virulent diplitlieria cultures. The blood 
of new-born children is equally capable of neutralising the diplithcria 
toxin, tliat is to say, of proteeting animals against ])oisoniiig by this 
toxin. The above observers do not doubt tiiat this iuititoxic power 
eornes directly from the maternal blood tlirough the ])]aeental circula- 
tion. This fact ap{>ears to throw some light on the plumomena of 
immunity acquired by heredity. 

Until quite recently we have had very vague notions as to the 
possibility of transmitting to descendants the immunity contracted as 
the result of recovery from an infective disease or after vacciuatiou. 

Jt 1ms kmg been known that natural immunity may be transmitted 
hereditarily, ("ertain families or certain races are clmratderised by 
a special insusceptibility to certain infective diseas(;s. It must even [AG 
be admitted that this innate immnnity has been transmitted from 
generation to generation. It is <|nite otheiavisc with accpiired immu- 
nity. Wc kiuov that as a rule the characters acquiivd during life 
are not mnismitted to descendants ; it is only in special cases, 
in tl)C very lowest organisms, such as the bacteria and their allies, 
that we may observe the conservation of certain acquired cliaraetei .s 
tlirougli an infinity of generations. The attenuation of bacteria or 
the absence of the formation of spores, once acquired under special 
conditions, may thus be transinitted to their descendants who develop 
and live under normal conditions. 

Aftei’ the discovery of anthrax vaccine by Pasteur, Cliaml>ei'la?H! 
and lioiix, and an attempt liad been made to vaccinate large tha ks 
of shee)>, it ^vas an easy matter to investigate whether immunilv 
aeipiired by the parents was transmissible to tli^Ar oflspring. ^Scvia'al 
^ Vrag. med. Wchnschr.^ 189 G. 
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observers, amongst whom I may specially cite Chaiivcau^, Rossignol 
ami Cienkowski, got together a certain iniinber of data bearing* on 
this question. These data showed distinctly that, in certain cases, 
the lambs born from vaccinated sheep presented, from birth, an un- 
doubted resistance to the anthrax l)acilius. This fact, however, was 
neitlier constant enougli nor sutliciently marked to enable us to count 
upon the young animals being in a refractory condition, and thus 
avoid havin*^ to sulnuit them to vaccination by tl»e two Pasteur 
vaccines. Tins necessity threw into tlic background the researciies 
on the hereditary transmission of acquired immunity. It was only 
nuich later tliat this (question was again takeiic uj) on a ])urely 
lhc()reti(*a] basis. Ehrlich-, to whom science is iiidebted for so many 
works of the highest importance upon immunity, again took the 
initiative in exact and minute researciies upon the heredity of 
innnunity, acquired as the result of vaccination against toxins. In 
this relation he studied tlie inmumity of the descendants of animals 
immunised against iihanerogarnic toxins, such as ricin, abrin mid 
robin, and later, in collaboration with Iliibencr ^ tliat of tlie ollsjiring 
of animals vaccinated against tetanus toxin. I^hrlicli proved very 
clearly that the antitoxic immunity acquired l)y the father is nevei* 
[tos! transmitted to Ins progeny. Tliis fact alone is quite suflieient 
to sliow that it is not a true inmumity that is met with in joung 
animals born of motliers who have acquired a refractory condition ; 
true immunity is transmitted by the sexual elements, the sper- 
matuzoon and the ovum, (^^ertain observers, Tizzoni^ and his 
collaborators (.^attmii and ( entarmi, thought they could overtlirow 
the rule established liy Ehrlich. They believed that the m;de ralibit, 
vaecinatcil against rabies, was capable of transmitting its iininuiiity 
to its jirogeny. Charrin and Cley*'^ cx[)ressed the same opinioii as 
regards animals of the male sex vaccinated against ex|)erimental 
pyocyanic disease. But tlie very precise experiments of Wernicke', 

« 

^ Aku. ih> rhn'f. 18SS, t. if, i). Of). 

" Zl.srhi\ /. Jhjif., i.c'ipzig, 18‘rj, l>(i \i.i, 8. 183; Briefer ii. Elirlicli, l^euUchc, 
med Wchrfi<chf\, IHliil, S. 

^ Zi.^chr.f. Lcip/ig, KSJM, Bil. xvuf, 8. 67. 

’ i /. htffdt riol. u. PonjiiUnnk,^ Jenu, lsO;i, Jid. xiil, S. 81; DciiUche 

■hii'iL Wcluitickr,, liCi|)zig, 8. 

" Pnupt. retuL Acad. d. Vuris. 1893, t. cxvji, jk 306 ; Rcr. aea. d sc. pures et 
appUq.^ Pnris,, 1890', ]>. ],* 

FcsUcln'. z, XOii-jtf/tr. Sf tjl augs/, d. lactL dar. drlcdr, fV d loi ns! l< a Jcj 
Ik'riiTi, 1896, 
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A^aillariP an<l Rcmlinger‘‘^ ui)oii a whole jserie.s of infective diseases 
and intoxications, such as diiditheria, cliolera piaitonitis, anthrax, 
experimental tYi>lioi(l septicaemia, etc., showed conclnsively tlie 
curreetness of I^lirlicirs results. Well vaccinated males, even when 
liy[)erYaccinated, never transmit their immunity to their descendants. 

This ac(iuired property, like so many others, is not hereditary in the 
sti-ict sense of the word. The females, on the other hand, with nuv 
exceptions, transmit their ticqiiired immunity to thejr youn|L!:, but 
this tiansmissiou can in no way be attributed to the ovum ; it is hew. 
then, no longer a (piestion of liereditary immunity pro|)erly so called. 
According to l]lrdich the feimde furnislies in her blood plasma the 
antitoxin whicli ])asses into the circulation of tlie foetus. In all 
lespccts this is allied to the so-called passive immunity (or antitoxic 
immunity of von liehring). It is due entirely to the dii*ect intiO" 
duction of antitoxin, manufactured by the cells of tlie matermd 
organism, into the body of the [irogeny. The living elements of tlie 
foetus i)luv no part in it, and it is for this reason tliat the antitoxins 
and immunity in the new-boi'n animal disapiicar so very rajiidly,-- 
within a few weeks after birth. Wernicke accepts the views of 
Elirlieh in their entirety, lie found that the immunity of female 
guinea i>igs was transmitted to the iiewliorn animal; but this[l()9] 
liereditary transmission was exhausted in a single generation ; it was 
m)t found in the second generation. Wernicke was able to demon- 
strate tlnit the I'cfractmy condition in guinea-pigs, born of mothers 
vaccinated against diphtheria, persisted for tliree months. V^aillard 
found that it was retained in certain cases for an even longer period, — 
up to the fiftli mouth. On one occasion he even observed the 
transmission of the immunity to a second geiieration, A female 
guinea-pig, born of a mother immunised against tetaiuis, gave birth 
to a young one wiiicli, wlion tested a month after birth witli a ten 
times lethal dose of the toxin, contjacted merely a sliglit tetanus. 

From this fact, as well as from the fact that the immunity of the 
young ones born of vaccinated mothci’s persists longer than does tliat 
conferred liy the injection of antitoxic scrum, Vaillard conclinh'S 
that there exists a kind of liereditary iimminity wliich is “ fixed by 
the cells. He thinks that not only the antitoxins and other anti* 
b(Mli(‘s but also certam living elements, especially the lencocvtes, arc 
able to [>as^ from the maternal blood into that of the foetus ami to 

^ J/i/L de I'Jnst. ruris, t. x, ]», 

Ann. dc V I Pasteur^ ruri-s, 1809, t, xin, ]>. 120. 
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Imiisinit to it the properties acquired by the mother. At this point 
we may recall the facts demonstrated by von lieliring and Ransom 
tlrat antitoxin persists much longer in the blood of au animal 
wlien it is introduced witli the serum of the same species. (We 
have described tliese observations in ('liaptei* xii.) Xow, since in 
liereditary transmission the antitoxin passes over witli tlie blood 
plasma of the same species, whilst in the experiments on antitoxic 
immunity it is generally injected with the serum of a dilfej‘eut species, 
it is easy to uTiderstand tliat Die former should persist for a longer 
period than the latter. It is, therefore, vei*y probal>le that this 
immniiity of the olis]>ring from vaccinated mothers vs not in any way 
a case of true hei'cditary immunity, but is <luc simply, as maintained 
by Rhriich, to the ])assa.ge of ready prepared antibodies from the 
mother to Die foetus. In the immunities against dijihtheiia and 
tetanus we have the direct passage of antitoxins ; in transmitted 
immunity against iiifcctiou by the vibrios of Kocli and (hunaleia, 
so carefully studied b} Vaillard, we have, very probably, the passage 
of corresiMUiding fixatives irom the mother to the foetus. 

D;dei‘/gowskv ^ in a recent study on hereditary immunity denies 
470] the passage of antibodies and toxins through tlie placenta. lie 
thinks that the foetus iloCxS not ac<inire its immnnity through the 
blood of the mother, tmt at a very mueh earlier period. The ovum 
contained in the (iraatiuu follicle would, according to this observer, 
come in contact with a fluid very rich in antitoxin, whence it might 
imliibe the necessarv aniount of this autiliod} to ensure the immunity 
of the new-born animal. Jjzieuzgowsky bases tliis o[>inioii on exjicri- 
luoiits in whieli antidiplitlieria serum injected into pregnant goats and 
dogs did not produce any antitoxic power in the blood of the foetus. 
Rut in the experiments on tiiese animals the injections consisted 
of the serum of the horse- a iliJferent species. This must moilify, 
profoundly, the conditions of the passage of the antitoxin through 
tlie placenta. 

Dzierzgowsky made a single ex|)eriinent upon a mare, iinnmnised 
Avitli dijflitheria toxin, and its i’oal. Whilst tlie serum of the former 
Avas markedly antitoxic, that of the foal did not possess this proiierty 
in tlie slightest (h-gixax IlcMce the conclusion that the antitoxin of tlie 
mother had not parsed into the blood of the foetus. But the blood of 
the foal was not Avithdrawn until some ten months after birth. Noav, 
as the so-called hereditary iimmuiity only lasts for a very short time 
^ Arch, d. f'Sei. blU,, ISt Tetui sbuurg, liiOl, t Viii, p. 211. 
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Dzierzgowsky s experiment supplies no evidence against the passage 
of antitoxin through tlie placenta. 

In order to prove that the immunity against toxins may really 
1)0 acquired l)y the oviun, Dzierzgowsky^ carried out a series of 
exi)eriments with the eggs of fowls imuniniscd against diphtheria 
toxin. The yolk of the egg, in accordance with tlie discovery made by 
J\ Klem[)erei‘, contained antitoxin ; and this antitoxin passed into 
the blood of the hatched chickens. These facts, though^u themselves 
ver}^ iiiteresting, cannot be used to refute the view tliai antitoxins 
])ass through the maumndiaii placenta. It is true that tliis view is 
perhaps not yet eV)m[>letely proved, Vnit it accords well with all tlic 
known facts. Tims, tlie Ireqaent presence of di])htheria antitoxin 
in the blood of new-born infants is exjdained much better on the 
assumption that it passes through the placenta tlnm that it is due 
to an iinmnnisation of the ovum siirround(Ml, in tlui (iraalian follicle, 
by antitoxic fluid. It is diflicult to conceive how this iniiminity could 
be so fully retained during the nine montlrs of j)regnaney. 

In support of his intoi‘j>retation of the plienoinenon of immunity [471] 
transmitted by tlie motlier to licr progeny Ehrlich invokes his 
beautiful discovery of the immunity confciTcd by the maternal milk, 

A vaccinated female is capalile of communicating to her yoimg 
a portion of the antibodies maniifacturetl in lier organism, not only 
by the blood channels, l)ut also^ in certain cases, by the milk with 
which she feeds her young. 

The transmission of antitoxins by milk has been (Icmonstratcd l)y 
Ehrlich, and this has since been confirmed by many observers (sec 
Chapter XM). A\ hen Elirlich found tliat the immunil y of the ])rogcny 
is retained for a longer time tlian is that wliich is conlerre<l by in- 
jections of antitoxic serum, he conceived the idea of investigating 
whether the (*ause of more prolonged retention did not l•esidc in 
the transmission of the maternal mititoxin by tiie milk. With the 
object of verifying this lie took, at the moment wlien they had given 
birth to young, unvaccinated mice and mice that liad been vaccinated 
against various toxins (ricin, abiin, tetanotoxin). lie so changed the 
Iirogeuy that the vaccinated motliers nourished the } oung born of the 
normal mice, wlulst the normal mothers suckled the otfspring of the 
vaccinated mice. The result of these ingenious and <lelicate ex {a l i- 
ments fidly confirmed his autieipatious. The vaccinated nticu^ trans- 
mitted their immunity not only to the young ones to whicli they ha<l 
^ Arch. d. Set. bujl.j St Pctersbuurg, 11)01, t viir, p. 421. 
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given birth but also to those tliej' had merely nourislicd with their milk. 
This observation ]>roved, to denionstiation, that tlie antitoxins are 
absorbed by the alimentary canal, a very important fact from several 
points of view. Ijater researches have shown that only very young 
mice are capable of assimilating antitoxin through the intestinal wall. 
Adult mice, fed by Eiirlich with quantities of antitoxic milk, acquired 
neither iinnninity nor any antitoxic jn-ojierty of the blood. Later, 
Vaillard (/. c.) WJis able to show that even tlie young of other si)eeies 
of ainmals such as the guiuca-i)ig and the rabbit arc incapable of 
aiqn-opriating the antitoxins from milk by the alimentary canal. He 
repeated Ehrlich’s experiinemts with new-born guinea-})igs and rabbits 
which he caused to be suckled by mothers vaccinated against tetanus. 
These young rodents, so treated, were found to possess no imnuinity 
whatever ; they were not able, therefore, to al)sorb the antitoxin 
[472] found in the milk of their nurses. Rendinger (I, c.) made similar 
experiments with young guinea-i>igs and rabbits suckled by foster 
mothers which had been vaccinated against the coccobacillus of 
typhoid fevei’. As in Vaillard’s experiments, tlie result was negative, 
the milk of the foster mother did not cominuniente any refractory 
condition to the nurselings. Remlinger drew the same conclusion 
from Ids researches on the transmission of the agglutiuativi! property 
of the body fluids. When female rabbits and giunca-pigs are vac- 
cinated diiring gestation the young ones acquire, along with the 
immunity against the typhoid coccobacillus, a certain agglutinative 
power of the blood serum. Wlicn, however, these vaccinated females 
suckle the i)rogeny of non-vaccinated mothers the agglutinative 
power of the milk of the foster mother never passes into the blood of 
the nurselings. Some years before this, Widal and Sicard^ had 
demonstrated the same fact that j’oung rabbits and new-born kittens, 
when fed with agglutinative nulk, acquired no power of agglutinating 
the typhoid coccobacillus. They agreed with Ehrlich, however, that 
the blood serum of young mice fed witli agglutinative milk ac<iuired 
the power of agglutinating the typhoid micro-organism. 

As it was imjiortaut to determine wliether the human subject was 
capable of aecpiiring a certain immunity by al)sorbing antibodies 
contained in the milk, the study of this (piestion was taken up, 
especially from the ]vt)int of view of agglutinative })ower. Although 
the relations of this agglutinative ])ower with immunity are veiy 
juoblematical it would be interesting, bearing in mind the analogy 
* Conij)t, rend. Soc. de hioL, Paris, 1897, p. <SU4. 
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between tlio agglutinative, antitoxic, and ])rotcetive properties, to 
ascertain wljctlier the ingestion of agglutinative milk can conter any 
agglutinative property on the blood serum. Xumerous researches in 
tliis dii-ection were carried out in connection with ty[)l)oid fever. 
Widal and Sicard (Le) caused a person to drink daily (for a }>eriod of 
three weeks) half a litj;e of milk coming from an immunised goat, a 
milk which powerfully agghitinated the typhoid coccobacillus. Tlie 
blood, examined on several occasions, nevei* showed’’ the slightest 
agglutinative power. This exy)erimcnt goes to prove that, in tlie 
adult human subject, the agglutinin does not pass from tlie ali- 
mentary canal into the eii‘Cidation. IMay it not perhaiis be otherwise 
in infants which are fed on milk only? An observation by bandouzy 
and Grilfoii ' seemed to confirm this supposition. Tliey first demon- 
strated the agglutinative power of the blood serum in a woman wlio 
had contracted typhoid fever three months after her lying-in. Being [473] 
a mild attack the Avomau continued to suckle tier child during the 
Avhole course of the fever. On examination of the lilood of the infant 
it was found that the serum agglutinated the micro-organism of 
tyiihoid fever. These observers did not measure the agglutinative 
power of the blood, either in the infant or in the mother. This 
omission deprives their observation of value since it is now recognised 
that normal human blood fairly frequently cxhiliits some power of 
agglutinating the typhoid coccobacillus. For diagnostic purposes it 
is necessary, therefore, always to measure this jiower in order to be 
sure that it is higher than that of the normal blood. 

It is all the more difficult to draw any positive conclusion from 
the observations of Landoiizy and (iriUbii because in several similar 
cases tlie result has been entirely different. Tims Achard and 
Bensaiidc" liavc shown that the blood of an infant, suckled by a 
nurse Jittacked by typhoid fever and wliose serum became distinctly 
agglutinative, was iiicapalde of bringing about clum|)iug of tJie 
ty])hoi(l coccobacilli. Schumaclier", Avorking in Fraenkers laboratory 
in Halle, studied a case Avith very great care. A woman gave birth 
at full term to an infant wliose blood scrum exhibited a certain 
agglutinative poAver. Tlie mother suckled tlie iniaut from its birth. 
Although her milk manirested a very considerable agglutinative 
property, the blood of the child exhibited not vinly no increase in 

^ Cotnpl rnid. S'^c. de bloL, l*aris, 1897, )>. .950. 

- Semaine v/za/., Paris, isan, p. 303. 

^ Zhdir.f, Hyg.^ Leip/jg, 1901, lid. xxxvir, 8. 323. 
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agglutinative power but a marked diminution. Tlic agglutinin of the 
maternal blood had not passed into the fluids of the eljild. 

From the point of view of the impossibilit}" of accpiiring immunity 
by suckling, therefore, the luimau subject may be grouped with the 
guinea-pig, rabbit and cat. Lip to the present the mouse is tlie only 
e:?wCcption. It would be very iinjjortant, with^the object of finding a 
moans of communicating immunity by way of the intestine, to study 
the precise e^nditioiis wliich govern tins phenomenon. In hereditary 
immunity, or rather in what appeai-s to be such, those cases where 
the new-born animal eA'liibits a resisting power induced by the 
vaccination to whicli it has been subjected in the womb of the mother 
must be borne in mind. We have already cited the example given 
by llemlinger of rabbits and guinea-pigs born refractory against tlie 
ty|)li(>id coccobacillus, wliich had been injected into iho mother 
[474] animals. In those eases wlierc the vaccination of the motlicrs lias 
liccn cari ied out duvii^g the period of gestation the iimminity of the 
young ones is more permanent than when it was completed before 
that period. Into this same group come those cases wlunc women, 
vaccinated during the course of |)regnaucy, give birth to infants 
refractory to vaccine. Similar facts have been reported by veterinary 
surgeons with regard to sheep-pox ; Arloing, Cornevin, and Thomas^ 
have oflered similar demonstrations with regard to symjitomatic 
anthrax. 

These results may be more or less closely associated with those 
where the child attacked by an infective disease immunises the 
mother. Snch facts are rare. e know tJiat a healthy mother may 
give birth to a syphilitic child ; tlie aflected father introducing the 
virus witli the s[)crin, the contaminated ibetus contracts the disease 
and the new-born infant is syphilitic. According to Ehrlich and 
llubcner {he, p. al), the foetus instead of infecting the mother sets 
up in her a refractory condition. It must be confessed that as yet we 
do not understand the mechanisiii of this immunity ; but in any case 
we liavc here to do with an example of imuiunity naturally acquired 
under very special conditions. 

Here again must be recognised another form of immunisation ; — 
wliere the cliild born of a syphilitic mother remains liealthy and 
contracts syphilis neilher by tlie breast nor through the kisses of the 
mother. Here, undoubtedly, we have an immunity against syphilis 
accpiired in the womb of the mother, who may, liow'cver, readily com- 
^ “ Le chiirbou baclcrioii, ’ r;inM, ISbil, 181 , 
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niunicate lier disease to other persons by means which arc without 
eftect on her own infant. This example comes under the law^ of 
Profetta. Here a2:ain the mechanism of the acquired immunity is 
absolutely unknown. 

It must be admitted that, generally, w^e arc still very imperfectly 
informed concerning immunity as acquired by natural paths. In 
cases where this immuiaity is developed as the result of an attack of 
an infective disease the phenomena observe<l closely resemble those 
that have been observed after vaccination by living, lully active, or 
attenuated viruses, by micro-organisms whicli have been killed, or by 
the products of |.hcsc micro-organisms. Tliese vaccinations winch 
bring about isopatliic (von Behring) or active (Ehrlich) immunity give 
rise to transient and mild diseases and are confined almost comi)letely 
to the diseases contracted by natural means winch tei’ininate in [475] 
recovery and give rise to a refractory condition. The immunisation 
of the foetus comes into tlie same series. 

On the other hand, tlie immunity which was believed to bo 
hereditary and wliich results merely from the direct passage of the 
antibodies of the Idood or of* the milk of the mother to the foetus 
and to the cliild come into a group of cases characterised by what 
Ehrlich has termed a condition of passive immunity. We have 
already discussed ^Chapter x) the thesis that this term passive"' is 
applicable only in rare cases. Most frequently it is necessary that 
the living cells of the organism which receives the antibodies — 
antitoxin, fixatives or others — should contribute their quota in order 
to ensure the refractory condition. This rule is undoubtedly applic- 
able to tlie exam])hNS of immunity acquired by the new-born progeny 
of uiiaffected mothers. 
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ViUM'^inntious {Vj;ainst I. Small-pox. — II. SIioep‘|)ox. — III. Raines.— IV'. Rinderpest. — 
\‘ . A litln ax. — VI. Symptomatic Anthrax. — V'l I. Swine Erysipelas.- --VJ I i . I'leuro- 
pneiUMonia in the Bovidae. — IX. Typhoid Eever. — X. Plague. — XI. Tetamis, — 
All. Diphtlieria. 


]x the preceding chapters I have attempted to present to the 
reader a general view of the ivlienomena of iiiiiimnity against infec- 
tive inicro-organisins and against their toxic products. 1 sliall now 
attempt to give a review of the facts acquired in connection witli 
the prevention of tlic infective diseases of Tnan and of the cliief 
domestic animals by means of vacciimtion. Vaccinations as we 
know cun be eaiaied out either with viruses the constituents of 
Avliich liave not as yet lieen recognised, with micro-organisius grown 
on various nutrient media, with virulent or attenuated luicro-organ- 
isms, or with microbial products de}>rived of the micro-organisms by 
wliicli they liave been built up. In addition to these methods we 
may vaccinate Avitli protective or antitoxic Kseriini and otlier body 
lJuids, with normal scrum, or with a wiiolc scries of Iluids not 
excepting water. 

L Vacclnati/m agenmt smallpox, — We naturally commence tlie 
scries with vaccination against small-pox, w liich is one of tlic oldest 
and one of the best known, having been practised in every country 
in Eurojic for more than 100 years. Small-i)OX, a very contagious 
and fatal malady, was very rife in the 18th century. Large cities like 
London and Paris were severely aftected. One-teTith of the total 
mortality was due to this disease. According to statistical informa- 
tion, very exact for tlpit epoch, the deaths from small-pox in London 
[477 i during the course of the second half of the century (17i31 — 1800) 
numbered more than 100,000 (102,112) persons. During the first 



Protect ice iriccinations 


455 


half of the same century this disease canse<l great ravages in France, 
especially in Paris, where, according to certain statistics (liaeser), 
about 14,000 persons died in 1/10. 

Variolisation or ^^inoculation coming to Europe from tlie East, 
had come into extensive use Avhen, at the end of the 10th century, 
the discovery was made that cow-pox, tlie varioliform disease of the 
Bovidac, produced in 4 )ersons who milked cows suffering from tliis 
erii])tioii an immunity against small-pox. This idea, poimlar in 
origin, Avas known to breeders in England, h’ ranee, 'Sernnanv, and 
Holland; we have thus an indication that this knowledge must date 
from a fairly distant period. Jenner gave the (piostion a scientific 
and experimentaf basis, and it Avas only after liis intervention that 
Aaiccinatiou by the contents of the ])ustules of cow^ iiox began to 
S})read more generally. During the 19th century an immense amount 
of material bearing on this question was collected ; we have thus 
been enabled to attain absolutely exact results, ami tint in spite of 
tlie very imperfect state of our knowledge on the etiology of small- 
pox and of cow-pox. Long ago CliauveavP demonstrated that the 
Aurus of these diseases must be organised, l)ecanse that of the vaccine 
would not pass through a fdter. This organism has been carefully 
sought, but sought in vain in spite of all improvements in micro- 
biological methods. It Avas thonglit that the cocci so often found in 
the contents of tlio vaccinal pustule Avas the s[)ecific micro-organism 
of cow-pox. Such Avas the oiiinion of the illiistrioiis botanist Cohn*^. 

It Avas soon sliown, however, that this Avas not the case. The cocci, 
principally staphylococci, are secondary’’ micro-organisms which may 
be absent from the vaccine Avitliout its losing anything of its action. 

A search was then made for the micro-oiganism of the vaccine 
among the protozoan organisms. L. Pfeiffer‘S announced tlie dis- 
covery of a species of A'aceiual Amoeba. GiiarnieiH has even 
described various stages in the reproduction of this liypotheticaJ 
parasite ; but Salmon'^ demonstrated, in a Avork carried out in the DTS] 
Pasteur Institute, that avc had hire to deal merely with leucocytes 
which had entered epithelial cells and had there undergone marked 

^ Compt. re/iid. Acad, d. I’aris, 1SH8, t, Lxvi, pp. 280, 817, "irex 

- Virchow's Archie, 1872, Jld. LV, 8. 229. 

Monatssch.Jl prakt, Dermat., Hamburg, 1887 ; Protozocu als K nuildjcits- 
erreger,” Jeua, 1891, 8. 181. 

^ A 7 'ch. per le sc. med., Torino, 1892, t. xvj, p. 403. ’ 

^ A nn, de VInst, Pasteur, Paris, 1897, t. xi, p. 289. 
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degeneration. Fnnck^ thought that he was able to confirm the 
discovery of the sporozoon of vaccinia, but his error was easily 
demonstrated (Podwyssozki and Mankowski)-. Up to the present, 
then, we have no knowledge of either the micro-organism of small- 
1)0X or of that of vaccinia. We still employ, as formerly, the virus 
taken from the vaccinal pustule. Even the relations which exist 
between the two viruses and the two diseases f vhich they have set up 
have not yet been settled. Several authors believe that the bovine 
disease is onlj^ a modified and attenuated form of human small-f)o.x ; 
whilst others maintain that we have two very ditfeient exanthemata, 
one of which — cow-])ox — is capable of setting up ijuiminity not only 
agidnst itself but also against small-pox. 

For a long time, in order to vaccinate against small-pox, the con- 
tents of the vaccinal pustulc.s which formcfl on the human subject 
after an original inoculation of the virus of cow-pox were employed. 
But a mirnber of cases of infection by syphilitic virus and certain 
other accidents caused this method to be abamloned. A number of 
years ago, however, there spread throughout Europe and into several 
countries of other continents another metliod, which consists in 
vaccination by “ animal lymph,” that is to say, by the contents of 
pustules develo])cd on the skin of the calf. 1 ’his method was first 
carried out at Brussels in llifif!, under the direction of Warlomont, at 
the Institute foundeil by the Belgian Government for the preparation 
of vaccine. The original virus cjinie i'rom a genuine case of cow-po.x 
and has since l)een kept xq) by uninterrnjxted jxassage from calf to 
calf. The virus is introdiicc<l iiito the shaved skin of the region 
l.)ctw(;en the groin atid the udder as far forwar<l as the umbilicus. It 
is inoculated .superficially into the epidermis by cuts one centimetre 
long. At the points of inocxdation characteristic ixustules develop ; 
from these the vaccinal content is withdrawn, on the fifth day in 
summer or the sixth in winter. The contents are removed by 
pressure and liy scrajxing the pustulc.s. The scrapings are mixed 
with water and glycerine. The vaccine thus prepared is [xut into 
small glass tubes xvliich are sealed at both ends. This method, with 
slight modifications, has extended to many other countries, and is 
[479] carried out cither in private establishments or in State institutions 

as in Germany. For the purpose of purifying the vaccine it is 

« 

^ Deutsche incd. U^c/it^schr,^ Leipzijj, 1901, S. 130; Brit. Med. Joiirn., Loudon, 
1901, Vol. I, jx 44S. 

“ Deutsche med. IVchuschr.^ Leipzig, 1901, JS. ‘26 L 
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diluted and then allowed to sedinietit or it may be subjected to 
centrifugalisation. 'I'lie object of these measures is to rid the 
“lymiih” of the inicro-orgiuiisms which accompany it. This object 
is, however, only imperfectly attained and is moret)vcr accom])anied 
by an attenuation of the vaccinal action. On the other hand, pre- 
cautions are taken to ensure all possilile cleanliness during the? 
operation of inocidatipn and wliilst the calves are under trcatuieut. 
Thus, great care is taken to disinfect the area of inoculation with 
alcohol or some other antisc]ttic and to dress tlie pustiiles during the 
course of their development. Similarly the arms of the ]»atient to 
be vaccinated are M'ell uashed ; following in this the rules of asepsis 
rather than of antisepsis for fear that the vaccinal virus might be 
destroyed by antiseptic suljstanccs. Various instruments arc nnule use 
of for vaccination and cai-e is taken to sterilise these before they are 
used. Sometimes the lancet is used, sometimes “ plumes fi vaccin ” 
or vaecinostyle.s, or a bistoury of iridio-platinurn (Lindenborn) etc. 

When the vaccine is of good quality and the operation of 
vaccination is well done, there is no doubt as to the protective 
result obtaiiKKi against small pox. The obsei’vations tliat have 
been collected for a great nuraber of years jiast, in many countries, 
place this beyond doubt. There are, indeed, statistics from which 
it is imiiossible to draw any precise conclusions because they are 
Ibunded u]>on too scanty ligui’es or deal with conditions that ai'c 
too comi)lex. This is the case with the Swiss vaccinations. Certain 
cantons (such as Zug and Uri) have made vaccination obligatoiy, 
whilst others (Bern, Zurich, Lucerne, etc.) some years ago abolished 
the law wliicli compels tlie vaccination of all children in infancy. 
It hap[)cned that for some years small pox had more victims in the 
cjintons of the first group tliau in those of the second. The opponents 
of anti variolic vaccination attcm|)ted to use this as an argument 
against the utility of this method. But a more <letailed study of 
the facts clearly shows that it is impossible to <lraw^ from it any 
conclusion whatever. Even iti those cantons where vaccination is 
su))posed to be compulsory this law is not carried out rigorously, 
and the number of persons vaccinated often does not exceed that in 
the cantons where it is not obligatory. 

In order to gain some idea of the utility of vaccinations we 
must collect statistics on a much larger scale than are those obtain 
able from the Swiss cantons. Germany furiHshes such .statistics. 
Compulsory vaccination was introduced there more than a quarter 
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[4S0]of a century ago (107 1)> aiul statistical information has been 
collected witli great care. Witli the exccj>tion of a slight increase 
during the i)eriod from 10/9 to 100") snuill-pox has diminished 
progressively since tlie proclamation of the new law, and has become 
so rare tliat in 1097 there were only 5 fatsd cases in the whole German 
Umpire. In the space of 13 years (1000 — liiOO), in a population 
Avhich embraces two-fifths of the total inliaWtants of the German 
Empire, there were altogether five fatal cases of small-pox occun-ing 
in })ei’sons whb had been successfully rcvaccinated. iSloreover, the 
majority of the cases of small-pox occurred in the maritime towns 
or in the vicinity of the frontier of tlie Kussian Epipire. 

Bpccially fuvoniable results have been obtained in the German 
army, in which, even before the law of 1071, vaccination was com- 
pulsory. In 2.j years tliere occurred in the ri ussian anny only two 
cases of deatli from small-iiox. In summing up the statistical data 
on vaccination Kiibler’, from whom we have borrowed the above 
statements, expresses himself as follows: “The history of sraall-pox 
must in all cases register the fact that this dreaded disease has, as 
the result of gi'ucral vaccination, not only become rare in the German 
Empire but that it has almost completely disappeared ” (p. 305). 
The example of Germany encouraged several other countries to 
introduce compulsory vaccination, and Roumania, Hungary, and 
Italy have in turn promulgated similar laws. Here also it was not 
long l)efore satisfactory results were obtained. In It:dy cs]»ecially the 
mortality from small-[)ox has largely decreased in recent years. 

In ICnglaud, where coini)ulsoiy vaccination was introduced some 
time ago, it was abolished in 1890. As the opposition of the 
people became more manifest, the law*, although it continued to 
exist formally, was carried out very imperfectly. The nundicr of 
unvacciuated children had gradually iuci-eased in such a fashion tlmt 
in liondon itself in 1897 — 1898 it attained the proportion of 21’9 
whilst in certain provincial districts it has oscillated between 78‘4 
and 8(}’t7f Umlcr those conditions, the abolition of the law of 
compulsory vaccination was oidy the legal sanction of an accom- 
plished fact. According to the details which have been supplied to 
me by the Jenner Institute in London (which has taken in hand the 
[4S1] distribution of vaccine), vaccinations since they are no longer com- 
pulsory have become nmre frequent in England, and the quantity 

f 

^ “Die Gcschiclito der Pocken imd der Impfung,” von Colors Biblwihek, Berlin, 
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of vaccine di.stnbuted has increased considerably. This quantity^ 
lioAvever, is not adequate because sniall-pox has a{:!fain made its 
appearance in London in the form of a pretty serious c[)ideini(*\ 

In France a law is being framed Avliicli will render inlant vac 
cination compulsory. Up to tlie present this has not l>e(‘n the 
case, and sinall-pox from time to time causes considerable ravages, 
as we may see at tlii?^ moment in Paris. During recent yx'ars the 
mortality from small-pox in France has been from 90 to I0(» times 
greater than in Germany, It is greater amongst the lemale po[)uhe 
tion than amongst males ; tl)is coiustitutcs a frcsli argument in favour 
of vaccination. .Although not compulsory for the whole of tlie 
Fremch population, it is so fo)* soldicj.s and for children wlio carry on 
their studies in schools, and it is for this reason that small-pox is 
rarer amongst males. The most complete demonstration of this is 
found in the incidence of small-pox in the French army. In spite 
of a less numerous contingent of troops (15 1,1) II — ii')7fi77) the 
mortality from small pox was greater duriiig the period when 
vaccination was not yet carried out generally (1985 *1897) than 
during the peihxl (1880— ]8!)()) Aviicii it was n’goi'ously enforced 
oil a much larger iiundicr of soldieis (521,788 5(M,(jl8). From 
18‘G fatal cases per year in the first period the annual figure 
fell to 0. 

It follows, when we take into consideration tlie whole of the very 
numerous data at our disposal, tliat the usefulness of vaccination 
followed by rcvaccination after some (5 — 7) years cannot be seriously 
called in question. As to the inconveniences that may be caused, 
they are observed in very rare cases, and then most freipiently when 
impure vaccines are used, or when the vaccinated skin becomes 
contaminated. According to tlie German vstatistics there were 
registered in the space of 13 years (1885 — 1807), in 82 millions 
of vaccinations, 118 fatal cases as the result of infection of the 
wounds. Ill forty-six of these it was proved tliat the small wound 
had been contaminated by impurities introduced by those att(mding 
on them. The remaining 07 fatal cases could be ascrilied to the 
vaccines themselves. We must, however, still regard these cases as too 
numerous and as being readily avoidable by tlie adoption of rigorous 
asepsis. To sum up, the anti-variolous vaccination liy tlie virus of 
cow-pox constitutes a method of very great vaiue in the prevention of 14823 
one of the most dreaded of infective diseases, but it is evident that 
^ Lancet j Loudon, 1901, Vol Ji, x>. 790. 



iiiiprovement can still l)e made in this branch of practice. If science 
should succeed some day, as avc may be permitted to ho])e it will, in 
finding the micro-organism of vaccinia and of small-])ox, and it should 
succeed in growing it in pure media, it might react very beneficially 
on the practical application of vaccination. The more simple the 
metliods, the less chatice will there be of the ocoirrcnce of those 
uiisucccssful cases which, even no^v, are rare e.fcei)tions. 

IT. Vai'cniatioii!^ oiyahiM sJic.rp-pox (la dlarrh^c). — Slieep-pox, 
l)eiug a disease very similar to human small pox and very serious 
from an economic point of view, the idea was coneeUed of fighting it 
by methods similar to those used against small pox. Since the Itith 
century there ha.s been practi.sed on a large scale the artificial im- 
munisation of sheep by the inoculation of the virus of the sheep-pox 
(clavelisatioii) just as the variolisatiou of man w'as practised before 
the discovery of cow-pox. For this puri)ose it was necessary to have 
a considerable quantity of virus ; this was obtained by inoculating 
sheep-i)ox into the skin of sheep. This inoculation Avas cfiected either 
with a lancet or, according to Soulie’s method^ by means of a Pravaz 
syringe. The pustules, developed under these conditions, were gene- 
rally of large size and capalile of furnishing a considerable quantity 
of the virulent lymph {damm) used for immunisation. This fluid, 
Avhen gathered pure, and ke|>t in a closed vessel protected from light 
and heat, retains its virulence for a longtime: unlike what is observed 
in the case of vaccine, the addition of glycerine destroys the virulence 
of the lymph pretty quickly. For use, the lymph is «iiluted with ten 
times its volume of 2Y„ borated water; the fluid thus obtained 
is inoculated into the extremity of the tail or of the ear; usually 
a pustule, which remains .single, is formed at the point of inoculation. 
Flavelisation raj-ely sets up a gciieialised eruption which is always 
serious and sometimes fatal. 

In Franee the law ordains the, clavelisatioii of flocks in ivliich 
sheep-pox appears ; but it interdicts its practice in unattacked 
flocks ; -it is easy to understand the reason for this ; in infected 
flocks all, or almost all, the shccii, gradually' become ill and the 
[4S3j illne.ss lasts for some time ; clavelisatioii diminishes both the duration 
and the gi’avity of the disease ; the mortality that it causes, although 
sometimes very great, the French sheep being very susceptible to 
sheep-pox, is always mitch le.ss than that due to a natural contagion;— 

^ Miidi'dne nioderne^ Paris, 1896, p. 441 
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on the other hand, the clavelis^ation of a healtlij^ flock, beyond tlie 
fact that it may cause considerable losses, is attended by the special 
danger that it creates centres from wliicli the contagion may invade 
all tlie flocks of the district. 

But tliere are countries in which pi-otcctive and general claveli- 
sation does not present these inconveniences — tlie countries where 
the disease is endemiu and where the sheei) are very resistant to the 
action of its virus. Tliis is the case in Algeria ; sheep-pox. exists 
there pei’manently without doing much damage; but the Algerian 
sheep, which take slieep-i>ox without suftering any apparent illne.ss, 
communicate to, French siieep amongst which they are introduced 
a very malignant sheep-pox Avhich sometimes kills as many as 60 per 
cent, of the flock. This ex[)lains and justifies the measures I’ecently 
taken by'^ the Minister of x\griculturc, forbidding the importation ol’ 
Algerian sheep into France unless they liave been vaccinated at least 
a mouth previously. 

In many otlier countries clavelisatiou is likewise enacted, being 
authorised in cases where it may be very useful and interdicted 
in otlici’ cases. In certain countries, e.g. Germany, Holland, and Den- 
mark, clavelisatiou can be put into force by the Government, which 
alone has the right to authorise it under certain circumstances.^ 


HI. A nlirahie varemations. Vaccination against rabies lias this 
point in common with those against small-pox and sheep-pox, that 
it is effected with a virus whose mici’o-organism is as yet unknown. 
On the other liand, it is distinguished by its efficacy during the 
incubation period. When persons are vaccinated during the incu- 
bation period of small-pox, or sheep during the same period of 
sheep pox, the vaccinations liy vaccine and davmu are incapalfle of 
arresting the disease and the infections continue to follow tlieir 
normal course. When, on the other hand, we vaccinate men or 
animals that have been bitten by mad animals or inoculated with the 
rabic virus by other means, the antirabic vaccination, with rare 
exceptions, prevents the development of rabies. This vaccination, 
taking advantage of the length of the incubation period of rabies, 
constitutes, therefore, a sp(!cial type, intermediate between jiro- ; 
tective vaccination, proiierly so calle^l, and a theraiicutic mctliod 
of treatment. 

' ^Jocitrd et Leclaii)ciic, “Le.s maladies mierobieunes dcs 2“ edition, 

Paris, lb9S, i>p. 4fil, 469. 



It is to Pasteur that science and hunianitv owe the invention 
of this method. Aided by his collaborators, especiallv by Roux, lie 
established in the first place a wliole series of important facts on the 
subject of the rabic virus and of experimental rallies. He theu set 
himself to elaborate a practical method capable of preventing the 
manifestation of the disease in dogs inoculated with rabic virus and 
in men bitten by mad animals. He succeeded 111 solving this problem 
in 18P»5. 

Pasteur’s a'ntirabic* vaccines are prepared from the spinal cords 
of rabbits that have died of experimental rabies as the result of 
the inocidation of the virus bearing the name of “ fixed virus.’^ 
Prejiarod in tlio laboratory, this virus piesents the eharaeteristic 
feature that when inoculated under the dura mater of rabbits it sets 
up in them the first raliic manifestations after an iiuaiViation iieriod 
of six or seven days. Tlic disease soon assumes the typical jiaralytic 
form which lasts several days. Whilst tlie period of iueubatiou 
presents only very limited variation, tlie time of death is subject to 
mucli greater variation, especially according to the season of the year. 
Sometimes the ]*abbits will die on the eighth day after tl»e inoculation 
of the virus : but death may be delayed one or two days, rarely 
more. 

It is uoeessary to wait for tlie natural d(‘ath of the mad rablnts 
before the s])inal cord is extracted, and Tiot to Kill them before this 
term, for it is only during the final moments of life that the rabic 
virus is abundant and is distrilnited uniformly through the whole 
sul)stance of the organ. After removal from the vertebral canal the 
cord is suspended in glass vessels containing solid potassiinn hydj*ate 
at the l)ottom. A wliolc series of cords so prei)ared are theu kept in a 
dark cliamber heated to C. or tliereabouts. Phe prog]*essi\ e desic- 
cation which the cords undergo umlor tliese conditions <liminishes their 
virulence. At the end of sevei-al days of this treatment the desiccated 
cord, instead of inxxlucing rabies in. 6 — 7 days in rabbits inoculated 
under the <hira mater by trepanning, induces it after longer periods 
of incubation, fnially, the cords do not pi’oduce even the slightest 
.sym])toms of the disease. 

The fundamental basis of the Pasteurian luethod consists in the 
fact that the desiccated coi'd, inoculated as an emulsion below the 
skill of animals, produces in them a complete and permanent 
[4s:Vj immunity against inoculation of the most powerful rabic virus 
lieneath the dura mater. This experiment, frequently repeated on 
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rabbits and dogs, justified Pasteur in 1885 in atteiuptiug t!ie first 
vacciiuitioiis of persons bitten by rabid animals, esi>eciallY dogs. The 
encouraging results of tliese early attempts led to the foundation 
of the J^isteur Institute in Paris, devoted, in part, to antirabiir vac- 
cinations. Shortly afterwards, antirabic Institutes were founded in 
many other European towns, and later in North and Soutli Auierica, 
in Indo-China, the Ea#f^t Indies, and in Africa. At present there arc 
in France six such Institutes (Paris, Lille, Marseilles, Moiit])eVlier, 
Lyons, Bordeaiix), in Russia 0, in Italy 0, etc. The last of these 
institutions founded in Ihirope is that of Berlin, where it forms a 
l)ranch of the Institute for Infective Diseases carried on under the 
<lireetion of Robert Koch. Tlie foundation of an antirabic institute 
in Berlin had a very important significance from several points of 
view. In the first place, it indicates the definite accejdanee of the 
Pasteurian method, a method which has been <liscusscd so long and 
so keeidy. Secondly, it i)roves that even in a State wliere there is a 
higldy organised sanitary police, antirabic vaccinations may still be 
of great service. 

Seeing that it was in the Pasteur Institute of Paris that the 
method of antirabic vaccinations W’as first elaborated and that it 
has undergone a very prolonged ordeal, the method there used 
sei’ves as a model for the practice of Jilmost all other institutes. 
AUhough in some of them methods which differ more or less from 
the origiiud may have been introduced, the fundamental principle 
ui)on which tliey are based remains the same. 

According to the Pasteurian method proi)orly so called the 
vaccinal inocniations are commenced with cords that have been 
dried i’or 14 days and have thus lost their viimlence. A piece five 
millimetres long is pounded up with very weak veal brotli. Up to 
8 c.a of the emulsion thus pre])ared is injected lielow the skin of tlie 
ilank. The same day a second injection of the same quantity of an 
emidsion of a cord which has be§n drying for 13 days is made at the 
corres|)onding position on the opposite side. Each day an advance 
is made by injecting emulsions of cord which are increasingly fresli 
and the treatment is concluded by the introduction of virulent cord>s, 
which have been kept at for 3 days only. The oi’diuarv 

medium treatment lasts for 15 days. On the first 5 days two vaccine 
injections a day are made. On the last 10‘ days, w)ie]» gradually 
fresher and more virulent cords are em[)l()ybd, only a sirrgle in- 
jection is made each day. The injections are made witli syringes of 
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the Pi"ivaz type and are carried out under conditions of rigorous 
cleanliness. 

If the bites are nuinerous, or if tliey are situated on exposed parts, 
the treatment is prolonged for lo days and is further distinguished in 
that the cords of 4 and of d days are iiyeeted mudi more fre(pieiitly. 

In esj)eeial]y grave cases, Avhen tlie l)ites arc on the face and head, 
the treatment extends over 3 weeks. A more lapid j^rogress is made 
by luidving four injections instead of two during the two first days ; 
in this way a Vt<-'«'der quantity of the virulent cords is injected than 
in the first two types of treatment. 

The effect of the antirabic vaccinations is vii^ially very good. 
During the early years of their apjilication the results were fully 
discussed fi‘oni all points of vie w^, and no efforts were neglected of 
seeking out objections of every kind. For the puiqiose of obtain- 
ing rigorously aeeurate statistics a se))arate division was made, at 
tiie I*asteiir Institute, for the cases of persons treated aftin* lutes 
inilicted by dogs whose rabic condition had been demonstrated 
experimentally (by the injection of an ermdsion of tlic bulb below’ 
the dura mater or into the anterior chamber of llie tye of tlie rabbit 
or gniuea-pig). A second and special set of statistics Avas drawn up 
of cases where the bites lunl been inflieted by animals whose rabic 
condition had been recognised by veterinary examination. Indi 
viduals bitten by animals that were simply suspected to suller from 
rabies were keid separate. 

Thanks to this systematic classification we w'ei’O able, at the Pasteur 
Institute of I’aris, to establish tlie fact that the antirabiii vaccinations 
jierformcd on persons bitten by animals that were undoubtedly mad 
resulted in an extremely low^ mortality from rabies. Finding it 
impossible to attack these results, demonstrated with the ]>recision of 
a laboratory experiment, the adversaries of the Pasteurian method 
alleged that, quite apart from any vaccination, tlie percentage of 
cases of rabies in persons liitten by mad animals is not greater 
than amongst the vaccinated. A hitch in the ajiplication of the 
new vaccinal method soon demonstrated how entirely unfounded 
Avas this objection. At the Bacteriological Institute of Odessa, 
founded in 1330, tliat is to say almost immediately after the I^tris 
Institute, the first attempts at vaceination Avere followed by a mor- 
tality from rabies of 5’33 per cent., a ligure incomparably higher 
than that of tlie Paris Institute. Analysing tlie ])robable causes of 
1487] this want of success it Avas found that the Uussiaii rabbits, being 
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much smaller than the French ones, furnished far too small an amount 
of vaccinal matter. This l)eing the case, the introduction of a more 
intensive treatment was sulheient to cause the mortality to «irop 
siiddeidy to O’B per cent. Tliis fact, added to so many other j>roofs, 
finally convinced the most scej)tical and brought about a general 
acceptance of tlie rasteurian method. 

In course of time thfe number of cases observed has become very 
cojisiderablc and the experience gained in the manipulation of this 
method very wide. Tlie imj)rovemcnts made in the details of tlie 
vaccinal practice have brought about a i)rogressive diininuliou in 
the mortality amoagst the persons treated. From 0*D4 per cent, in 
the mortality (counted from the lOtli day after the completion 
of the vaccinations) fell in 1897 to 0'39 per cent, in 1990 to 0‘28 per 
cent. In tlie space of 15 years (188G — 1900) there have been treated 
in Paris 21,()05 persons, of whom 107 died from rabies, giving an 
average of 0*43 per cent.\ The greatest mortality was registered 
during the early years of the application of the method, and the 
rate of the later years (1890 — 1900) oscillated between 0*39 per cent, 
nud 0 20 per cent. 

The results obtained in the majority of the other antirabic insti- 
tutes corroborate tliose of tlie Pasteur Institute of Paris. Thus, 
according to tlie latest statistics of tlie St Petersburg Institute', the 
mortality, in 1899, among persons who liad completed their vac- 
cinations, was about 0*5 per cent. At Beilin^ there were treated 
during the same period 384 persons, of wliom 2 died from rabies 
during treatment, whilst a tliird succumbed on the lltli day after 
the close of the vaccinations. Only this latter case ought, ac- 
cording to the luiucijiles generally" accepted, to be counted as aii 
unsuccessful case, this would give a mortality of 0*2G per cent. 

Quite recently, the antirabic treatment has been so reinforced that 
the treatment terminates with tlie injection of cords desiccated for 
two days or even one day only. The results of this intensive treat 
meiit have not yet been reported upon. 

According to the statistics of the Berlin Institute rabies is far 

^ Report by Viula in tlic Ann. de I'lnst. Paafi'ur, Paris, 1001, t. xv, p. 4 L'*. 
There will be ibiind in Marie's Avoj'k, “La rage” iCoLlecthin des aides Paris, 

1900), many details on antirabic vaccination. 

^ According to Krjjonchkine, in the Arch,, d. ScL hhl.^ St Petersbourg, 19()i, 

t. VII i, p. 849. 

^ According to Marx in Klin. Jahrb.y Berlin, 1900, Bd. vii, S. 1. 
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[4SS] from being so rare in Ocvuiany as was, at one time, gciscrally snp- 
posecl. During tlie year 189!) its presence was demonstrated, by the 
experimental metliod, in 200 dogs coming from various districts. It 
is in Silesia, Western I’russia, and Posen that rabies in dogs has been 
observed most frequently. 

Antirabic vaccinations have also been performed on herbivorous 
animals (sheep, goats, cattle, and horses) which are immunised by 
means of injections of the rabic virus into tlie veins, accoi ding to the 
method suggested by Nocai'd and Roux’, as the result of experi- 
ments made by (jaltier". 

4 

IV. VareliUitious agennst rmdfvpmL For some time attempts 
were made to find a means of immunising tlie Jiovidae and otlicr 
ruminants, suseeiitible to rimlerpest, against this terrible disease, 
which causes great ravages in regions wliere it is endemic and greater 
still in those regions where it only appears in ei>idemic form. TJie 
good results obtained from “ clavelisation suggested the idea of 
immunising against rinder])cst by the inoculation of the rinderpest 
virus, but all such attempts gave unsatisfactory restilts, the inocula- 
tion setting up a rinderpest as grave, and often as fatal as the natural 
disease. Only in recent years have wc sviceeeded in elaborating 
methods of vaccination really capable of coping etfectivcly witii 
rinderpest Koelr^ went to Cape Oolony, Mhore this disease Jiad 
recently appeai*ed and liad caused eiioi inotis losses, with the intention 
of finding a practical method of arresting the scourge. In spite 
of Ins technique and inconiparablc skill he was as nnsuceessful in 
finding the ])arasite of rinderpest as liad been other investigators. 
The micro-organism of tliis disease remains unknown. It was 
necessary, however, to seek a remedy against it. Koch, studying 
the projierties of the bile of animals tliat Iiad died from rindcrj)est, 
recognised that tlie injection of this bile into normal animals con- 
ferred upon them a fiiii-ly certain, immunity, and this fact serv^ed as 
the basis on whicli to work out a jiractical method of combating 
I'inderpest on a largo scale. At first this method was roeeived with 
[4S9] much enthusiasm, Imt experience soon demonstrated the incon- 
veniences it often juesented. Kolle and Turner^ who continued the 

' Ann. (fr Vfmt, Paiifen7\ Paris, 18SS, t, li, p. 341. 

- Cantpt. mul Aead. tL sc., Paris, LS81, t. xciu, p. 2S4. 

- Prafschc mej, IVchnschr,, Leipzig, 1S97, SS. 225, 241. 

^ Zl.^fhr.f. Hag., Leipzig, 1808, Bd. xxix, vS. 300. 
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rescarclies on rinderjicst in ray)e Colony, extolled KocliV method at 
the cominencement of the ejndcmic with the object of estahlitsliinjj: 
around tliC original disease centre an unatfccted zoiu' whicb would 
interfere with the proj)agati()n of the disease. Tliey recognised, 
liowever, that this method could not be employed generally, for the 
reason that it does not set up immunity until the end of eight days, 
during which y)eriod tfie animals may contract the disease. Ftii'ther, 
it demands the sacrifleo of a large number of animals in ordei* to 
I>rovide the vaccinal bile rerpiired for the vaccinations ; finally, it 
confers an immunity of short duration only (four to six months). 

It was neccssciry, ilienyfore, to find some niethod that was more 
generally applicable. AVith this object Koch himself began to study 
the blood scrum of animals that had reewered si)()ntaneously from 
rinderpest. He was able to assure not only himseir, but several other 
observers, that tliis serum was capable of rendering normal animals 
into which it is injected refnictory. Bordet and Danysz, who studied 
riuderjjest in the Transvaal in 1897, made many experiments in this 
direction and devised a nietliod whicli gave good results in practice. 

But it w^as left to Kolle and Turner to work out a method at once 
simple and easily apydied, one which soon came into general use. 
Tliis method is known by the name of “simultaneous vaccinations.'’ 

It consists in tlie injection of a protective serum siimdtaneoush^ with 
tlie vindeut blood. To prepare the former the authors just men- 
tioned made use of animals that Iiad recovered .sjiontaiieousl}- from 
rinderpest or of Bovidae that had been immunised by bile or by some 
other metliod. It w^as recognised that the protective [lower of the 
serum of animals that have recovered is ve**y small and cannot confer 
immunity on normal animals, except when injected in large doses. 
Kolle ami 1’urnor sliowed that if Bovidae that liave recov(‘rcd syion- 
taneously are injected with very large fjuantitics of virulent blood 
coming from animals fatally attacked, tlie protective power of the 
scrum of tlie former is maihedly increased and a serum is obtained 
which is active in small doses and which givi's good results in jirac- 
tice. This serum may be kept for a long time by tlie addition of a 
small (piantity of carbolic acid. The immunity conferred by this 
serum upon normal animals is imuK'diate, but of sliort duration: it [ 490 ] 
is completed by making a siniultaneous injection of virulent blood ; 
we thus obtain a double immunity, one part immediate, tlie other jier- 
inanent ; to get this result, however, the serum must not lie mixed 
with the virulent blood, for when this is done the ininuiiiity conferred 
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U trifling or iiiL On the otlicr IuiikI; it h eoiiiplete and persists for 
several months when tlie protective serum is injected separately on 
one side of tlie body and the virulent blood on tiie other. 

Kolle and Turner had to derend their method against many ill- 
Ibuuded objections and attacks, but they succeeded in getting it 
accepted, not only in Oape Colony but also in many other parts of 
Africa, and in many countries in Euro])e and Asia. In lUOU it Avas 
decided at a c^onfereace wliich met in Cape Town to use the method of 
simultaneous vaccinal ions to the exclusion of all others. Tliis method 
has since been apjdied on a very large scale and it was not long before 
favourable lesults were obtained. The sfime method has [noved to 
bo very successful with JS'icollo aiul Adil-Bey’^ of Coustaiitiuople, 
Avho now [)repare large ijuantities of the autiriuderpest serum, and 
eouibat this disease with great success in the Citomau empire, 
Yersin^' adoi)ted the siuuc method to fight the cattle [ilague in Indo- 
Cliiiia, wlicre it causes gi'eat ravages, especially among bulfaloes. His 
Institute at Nha-Trang has become a centre for the preparation of 
tlie siioeifie serum, which he disti ibutes over a vast territoi*} , In the 
East Indies the simultaneous method has been applied by Rogers''. 
In Russia, Avhcrc rinderpest is emiemie in many regions, the Institute 
of li^xjierimental Medicine at St Petersburg furnishes the scrum 
destined to prevent the pro})ngatiou of tliis eiiizootic diseased 

111 a fcAV years this method of siinultaueous A^aeeination has been 
extendcfl to all the countries ravaged by rinderjiest and has already 
rendered immense seiTiees to agrieulture. 

V. A'nfl-i()ifhrax raednathms. In the first four sections of this 
Chapter we have brought together tlic methods which have as tlieir 
basis the vaccination I)} viruses wiiose nature is as yet luilvuown. 
Siiieo Avc eamiot obtain them by artificial culture, we have to intro- 
duce tliem Avith animal fluids : — either the contents of vaccinal or 
elavelar pustules, or matter from mbic nervous centres, or again the 
blood of animals attacked by riudoi’pcst. In the ease last mentioned, 
in order to prevent the too serious eliect of the injection of the virus, 
it is combined with a simultaneous injection of protective serum, 

^ Ann. de Vl/ut. Pamtmr, Paris, ISilD, t. xiii, p. 31}) ; 1})01, t. xa% p. 715. 

- Rec. de nikL cet.y Parish 1901, p>p. 4S, 115. 

Report on an (ueperitn, InceaUfj. of the method of Inocalalion apat.nst Rfnder- 
pesL Calcutta. PKH) ; Xt.srflr. f. Jlfn/,. Leipzig, 190M, IM. xxxv, S. 59. 

^ jSoiicki, iSicber auvl Wyznikiewicz, vJn7/, Internal, <te Rkarnuicuihjn.^ Gaud, ct 
Paris, 1899, voi. v, p. 475. 
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111 the case of the vaccinations against anthrax we pass to the 
group of viruses Avhose organised nature is well known and wliich 
can be injected in pure culture grown on artificially prepared media. 
This method constitutes one of Pasteur's most brilliant discoveries, 
made in collaboration with Cliamberland and Roux. Before they liad 
found a satisfactory inetliod of vaccinating against anthrax these 
observers had to solvd^ the problem in connection with a less com- 
plicated and less difficult case. From the first, in his studies on 
pathogenic micro organisms, Pasteur had devoted his attention to 
finding a means of communicating immunity against these parasites. 
With the aid of Chamlierhuid and Roux ho was not long in discover- 
ing a method by which it was possible to attenuate the virulence of 
the nuc]*o-organism of fowl cholera and to vaccinate fowls against 
this terrible disease by inoculating them with this attenuated 
micro-organism. Guided liy these results Pasteur, (.^harnbcrland and 
Roux set to work to find tlie vaccine against antlirax ; they Avere soon 
confro)ited by a serious obstacle in the formation of sixires Avhicli 
jn’cvented the attenuation of the liacilli. Hds obstacle they overcame 
by submitting cultures of the bacillus to a tempei’ature of kJ'iV'C. 
Under this condition spores do not develop, and the bacilli become 
attenmitcd at the end of a longer or shorter period. Altliongli in 
possession of these attenuated viruses, it still needed very laborious 
investigntions to adapt tliem to the vacciiiation of various species of 
animals susceptible to anthrax, especially sheep. In this they W'ere 
also successful, and in Ituil, over 20 years ago, Pasteur and his collabo- 
rators demonstrated the eilicacy of their metlmd on a large number 
of animals. This demonstration was iiiade at Ponilly-le-Fort l)efore 
a large commission. Wc may affirm that this celebrated experiment 
opened a new^ path to science and to the |)ractice of vaccination. 

It was performed on 50 shee]), half of Avhieh wxTe vaccinated twice 
with twelve days' interval, the other 25 sheep serving as control 
animals. Fourteen days after the vaccination by tlie second vaccine [40 
all the 50 sheep were sulyected to a test inoculation of a very strong 
anthrax virus. Two days later the vaeciiiated animals remained 
uiuiflected, Avhilst the control animals had all succumbed to anthrax. 

Similar experiments, undertaken in France, Iliingaiy, Genriany, 
Russia and elsewhere, confirmed the efficacy of anthrax A^accinations 
and led to their extension into all tlie countries Avhere bacterial 
anthrax was rife. From tlie year 1881 the metliod came into regular 
use, and before the end of tliat year tliere liad been vaccinated, in 
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Fnmcc alone, G2,000 sheep and 0,000 Bovidac. Since these first 
attein])ts, made on a large scale, gave siicli good results, tlic anti- 
antlirax ])nietico was not long in spreading tlirough France, then 
into Hungary and several other Euroi^eau countries. Later, it 
extended into other continents, especially into South America 
(Argentina)^ and Australia. Ahrccinations against anthrax were also 
applied to liorses witli the same good i-csultS‘l 

In France the anti-anthrax vaceines are in’cpared at and sent 
out from tl)e l^isteur Institute of Paris. These vaccines consist of 
broth eidtures of attinmated bacilli, of whicli the weakest, the first 
vaccine, is fatal to the mouse and small guinea-pigs. The l)acilli of 
the second vaccine are less attenuated, ami are capable of killing 
not only adult guinea-pigs but even a certaiu number of rabbits, 
when inoculated subcutaneously. The two vaccines arc races of tlie 
antlirax bacillus, ca)>able of producing spores which present the same 
degree of vii-ulence as the filamentous bacilli which gave them birth. 

The anti-antlirax vaceines are vSent out in tul>es containing the 
(jiiantity necessary for the vaccniation of a large nnmlxn* of animals. 
I'lio vaccinations are made especially in s[n-iiig in order that the 
animals may be i»rotccted during the hot season, which is usually 
more favourable to the development of anthrax epidemics. 

in the sheep the vaccines are injected below the skin on the 
inner aspect of tlie thigli. One eighth of a c.c. of the first vaccine 
is injected with a somewhat modified Jhavaz syringe. Twelve or 
[490] iiftcen days later a similar Injection is made on the o[)|)osite side with 
the second vaccine. In tlie Bovidae the vacciiu^s are injected behind 
the shoulders, wlierc the skin is thinnest In the horse the injections 
must be made on the sides of the neck and shoulders. In lai-ge 
mammals double tlie amount (.{tli of a c.c.) of each vaccine is 
injected. 

'fhe tubes of vaccine> once opened, should not be em[)loyed a 
second time?. Care must be taken JLo use the Avliole of tlicir contents 
at one series of vacciuatioUvS. 

Tho vaeeiual injections produce tumefaction at the point of 
inoculation and are Ibllowed by a slight rise of tem[)erature. But 
these symptoms are of little importance a.nd soon <lisa[)pear. Serious 
com})licatious and fataj results from the vacciiiatious are very rare. 

^ J. Afoiidoz, Ati(d, (I (^irc. Med. Anjcnl., Buenos Aires, t. xxiv, Nos. r>, 6. 

On tlie nietlioils of vaccination a^^aiust anthrax see Chainberlaiui, “ Le cluirbon 
et la vaccination cliarboniieiise,” Paris, 1883. 
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The loss due to these ;icei<leuts is estiinuted at one-half ])er cent, 
in sheep and a quarter per cent, in the Bovidae. 

The refractory condition resulting* from tlie vaccination requires 
for its developinent a period of about a fortniglit. The innnunity is 
then very substantial and lasts for a fairly long time. According to 
Chandjerland GO'/o of the shee)) retain their immunity a year after 
they have been vaccinated. But as a great number of animals 
then become susceptibha it is usual to revaccinate annually. 

According to tlie statistics furnished by the vaccine dej^artincnl 
of tlie Pasteur Institute there have been va(*cinatcd, up to the 1st 
of danuary 1900» a totab of 4,971,191 sheej), and 79d,l)«‘l9 cattle. 
Abroad the coiTcspondiug figures are Ojo:n,91(> and l,oG9, Mr), Alto- 
gether. the number of animals vaccinated amounted to M.dGl.dO/, 
of which .%G:2G/20() have been treated with the vaccine furnished by 
the Budapest Laboratory. 

The results of the auti-anthrax vaccinations were found to l>c so 
favonrMbl(^ that it was nnnecessary to introduce any iuqirovemcuts 
in technique. Attempts have C(U*tainly been made to pi'(‘pare anti- 
anthrax serums, and these have bemi successful, but up to tlu^jirosent 
such scrums have not been introduced into practice. 

VI. si/mptom(f(!c (mthrax^ Symptomatic 

antlirax, which is often confounded with true anthrax^ is set iq), as 
demonstrated by Arloing, (4>rncvin, and Thomas, by a s|)ccific anae- 
robic micro-organism to wliich has been given the name of Jiaci/lus 
chauvaci Immediately after the discovery of the atteiiuatiou of|i9tJ 
viruses and of vaccines against fowl cholera, the thiee observers 
above mentioned tried to apply it to syiiijitomatic anthrax. Pimdly 
they devised a metliod which was soon ado[)tcd in practice, and 
wliicli, fur nearly twenty years, has been used in the vaccination of 
the Bovidae in countries wliere symptomatic anthrax is most preva- 
lent. This is esjiecially tlie cas(‘ in mountainous districts, such as 
Switzerland, the Bavarian Alps, the i)au])hine, l/Auvergiie, etc. 

Arloing, Cornevin, and Thomas^ prejiare two vaccines against 
symptomatic anthrax by a method very ditferent from that used in 
the preparation of the Pasteurian anti-antlirax vaccines. They talvC 
tlic virus from the muscles invaded by tlie micro-organism ; they 
tritui'ate a piece of the tumefied muscle in a mortar, adding to it a few 


^ Lc charV)on bacterieii,’' PariH, 1883 ; 2^ edition, I SS7. 
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drops of water. Tlic mixture is filtered tliroiigh muslin ami the fluid 
dried at sr*" C. ; a virulent brown powder is thus obtained. In the 
preparation of tlic vaccines a portion of this powder is mixed with 
water and subjeeted to ‘a temperature of 100'’ — lO l^’C. for seven 
hours. Another portion is heated diu-ing the same numl)cr of hours 
to 90'' — 94" C. only. This latter forms the second vaccine whilst the 
first portion constitutes the first. • 

In practice tlic two vaccinal powders arc dissolved in cooled boiled 
water and arc* introduced into the subcutaneous tissue of the animals 
that it is wislied to immunise. The second vacciiie shovdd be injected 
8 to 12 days after the first. The vaccineat are usintlly tolerated very 
well by the Bovidae and confer upon them a definite and perinanent 
immunity. In sinte of certain draAvbacks this method, known as the 
^VLyons method/^ has proved to be a very serviceable one and is 
retained as the best devised up to the present. Its efficacy is 
proved by the fact that in the period from 1884 to 1895 in lOOjOOO 
vaccinated animals the mortality has oidy been 1 ])er 1,000. Arloing, 
Cornevin, and Thomas tlionght that raising the viiais to a higli 
temperature broiiglit about a real attenuation. 

Leclaiuche and Vallee^, who have recently returned to the study 
of this question^ have shown that this view cannot l)e maintained. 

[4!)5] In reality the sj)ores, after being heated to 90" — 104" C., gave rise to 
bacilli eiuloMcd with their normal and complete virulence. But the 
heating in the preparation of the Lyons vaccines destroys the toxin 
manufactured by the Barillas rhanmeL with the result, that the 
spores now l)ecome the prey of i)hagocytes : it is for this reason and 
for this reason alone that the inoculation of these vaccines is so well 
tolerated. All the sj)ores of the vaccinal powder are not eaten l)y the 
pliagocytes : those which are found in the centre of solid particles 
of the powder offer a prolonged resistance to the action of the cells, 
and some of them germinating produce bacilli and give rise to a mild 
disease capable of conferring iinnymity. The germination of these 
spores is fuitlier facilitated by the presence of Ibreign micro- 
organisms in the vaccinal ]»owders ; these organisms help to interfere 
with the phagocytosis of tlic spores of symptomatic anthrax. 

In the course of theii* researches, Leclaiuche and Vallce demon- 
strated that it is easy to vaccinate animals susceptible to anthrax 
and to confer on them a substantial iimmiiiity by means of a single 
protective injection of a pure culture of Bacillus chwuvacL For this 
^ Ann, de rin$t, Pasteur ,, Paris, 1900, t. xiv, pp. 202, 513. 
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purpose they use cultures grown in broth made from the pig's stomach 
(^‘bouillon de pause'’ or Martin’s broth) wliicli they heat for 2 hours 
at 70" C. The cultures, so treated and injected in quantities of 
1 to 2c.e. into Bovidae, induce in them* an immediate immunity. 
These autliors are persuaded that the vaccination by this imdhod 
might be used on a large scale with certain advantages over tlie 
method at present in use. A single injection, instead of two, involves 
a great economy, and tlic injection of pure vaccinal cultures oliviates 
tlie accidents caused by the foreign organisms which are found mix<Ml 
with the Lyons vaccine. 

On the other diand, Loclainche and Vallce think that vaccination 
by serums has no future in the figlit against symptomatic anthrax 
and should only be used in oxce])tional cases. 

It is evident that the Lyons method is capalile of being improved 
and some day may be reidaced by another. Htill it must be remem- 
bered that it has ab eady ])rcserved a very great number of animals 
from certain death by symptomatic anthrax. 

Yir. V<uxi}uit(om af/alnst erf/stpelas. Swine crysij^clas is 
a disease widely distributed in nearly all counti'ies Avhere the l)i*eeding 
of pigs is carried on on a large scale. It is a very fatal disease, and it is 
estimated that in France alone at least 100,000 jiigs of the value of 
more than five million francs succumb to it annually. Unfortunately [490] 
swine erysiiiclas is often confounded by Iireeders with otlier epizootic 
diseases, especially pneumo-enteritis of the pig. This confusion has 
often resulted in large losses to agricuHtire. 

Soon after the vaccinations against anthrax became a part of 
veterinary practice, l’asteur\ assisted by Tlmilli<n*, took u}) the study 
of swine er\si[)elas which was causing great ravages in the department 
of Vaucluse. They were not long in discovering that the true cause 
of the disease was a very small bacillus capable of growing in ]>ure 
culture in nutrient broth. Guided by his former investigations, 
Pasteur with liis eollaboratoi' undertook minute researches into the 
reinforcement and attenuation of the virulence of the bacillus of swine 
erysipelas which led them to the elaboration of a method of vaccina- 
tion capable of conferring on pigs a high degree of protection agaiih t 
the disease. Following the line of the anthrax vaccinations, Pasteur 
ami Thuillier prepared two vacciucs against the erysipelas, tlie first 
more attenuated than the second. The bacilli'of these two vacciites 
^ CompL rend. Acad, d, sc., Paris, lSS:i, t. xcvtr, i>. 11 <>3. 
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■were cultivated in brotli and sent out in tidies similar to tliose cm- 
jiloyed in the distribution of the anthrax vaccines. 

Tlic vaccines are iji themselves innocuous and are capable of 
cormmuiicatint? to the inoculated pij? an inmiunity sulllciently durable 
to be of real sei'vice. Young' pigs being less suscejitible to the 
erysipelas than are tlie adidts, it is generally iirefei'red to vaccinate 
young pigs of from two to four months. The’ vaccination is done at 
two sejiarate times. The first vaccine, in a dose of ouc-eiglith of a cubic 
centimetre, is 'inoculated sidicutaneously on the inner aspect of the 
right thigh ; the second vaccine is inoculated in the siinie way, 12 or 
15 days later, into the left thigh. The iir.uiunity that follows these 
\accinations is not fully established uutil the end of the second week. 

In sjhtc of tlie many advantages of the Pasteurian method the 
vaccinations a.uaiirst swine erysiixdas luivc not spread so mucii as 
one might inive e>:i)ected ; and they have found a. general aiipliea- 
lion abroad rather than in I'rance. It is only neeessaiy to east a 
glance at the statistics to be convinced of this. From the date of 
the introduction of the Pasteurian vaccinations in IhlM up to the 
1st daniiary, there had been vaccinated in France in all 12r,,7 i(> 
l)ig's, whilst abj’oad, where tlie vaeeiuations were introdneed some 
j years later, the number of ])igs vaccinated was Of tliis 

uuuibcr the great majoidy ( 4,191,101 ) had been treateil in Ilnngary. 
The losses amongst the vaccinated animals were insignificant ( 1^)8 7',) 
when compared with an average mortality of 20 7^ itmongst un- 
vaeei Mated pigs. 

Tins limited e.vtension of the vaccination of pigs in France arises 
from various causes. In iminy countries the breeding is on too small 
a scale to allow of the iiiterventiou of tlie veterinarian and of the 
exjienses which the vaccinations involve. On the other hand, it 
caumd be denied that the Pasteurian method jiresents certain draw- 
backs in practice. The liv ing, although aitenuated, bacilli irdroduecd 
may sometimes serve as centres of.infection, espeeiallv in cases, rai‘e 
no doubt, where the vaccinated animal contracts a chronic form of the 
disease. The Pasteurian vaccines must, therefoi-e, be avoided in dis- 
tricts wliere tlie erysipelas lias not yet appeared. Their ap|)lication 
in countries already infected presents the further drawback that tlie 
immunity requires for its establishment a fairly long time, sufFicieutly 
long to permit the micro-organism to kill a large number of pigs 
before the vaccines Inive conferred any immunity upon them. 

It is natiu’al that, under such conditions, an attempt has been 
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made to replace the Pasteurian metliod by some otlicr method less 
risky* ircjice, since the discovery of the prindjde of sero-(herai)y 
several investigators have sought to apply it to swiuc erysipelas. 
Emmerich and MastbaunP were the first to demonstrato (hat the 
blood of ral)bits, iiniimnised with the bacilli of this disease, aciiuirc 
a very rnai^ked protective ])ower. They fiavc even attempted to coi»- 
struct from the re>sults,< of their researches methods whicli miglu bo 
a])plied i)ractically. It is especially however to Loreuz:‘^, a Darmstadt 
veterinarian, that we owe the first [mictical application of this inethod. 

He prepared protective serums by injecting erysi])elas l)aeilli into 
rabbits and and dewionstrated that tlie inoculation of these 

serums, wIkui coiid)ined with that of tjie living bacilli, conferred ui)OU 
j>igs a sutiieient immunity and one tirat was set up immediately after 
the introduction of the scrum. According to 1 .oi'enz’s method it is first 

necessary to give a protective injection of serum ; some days (3 3) 

afterwards this is followed by an inoculation of living bacilli coming 
IVom tlie attenuated erysi])elas knowji in (Germany under the name oi’RJtS] 
‘‘ Backsteinblattern.” About two weeks later a further injection of 
the sjune bacilli, but h\ double quantity, is given. This method, there- 
fore, iuvoives tliroe vaccinal injections as against two in the l^istcurian 
method. It is consequently dearer than the latter, but, as it jweseuts 
certai)i uudeuiable advantages, an attenq)! was made to introduce 
it into veterinary practice. But being mucli more com[)Ucated en- 
deavours Averc made to simplify it. Voges and 8chUtz, l)y methods 
Avliich have remained sccict, soon obtained a more active serum, 
and finally Leelainclie''' of Toulouse, after demonstrating that the 
horse is the best animal Ibr the ])roduction of a very active scrum, 
succeeded in devising a rnetliod of vaccination as simple as it was 
effective. He gave to it tlie name of ‘‘soi'um-vaccinations.'' The first 
inoculation is made with a mixture of specific serum and a culture of 
living and virulent l)acilli. This inoculation is well lAorne In all pigs 
and may l)e made without any reg^d to tlie age of the aninad. 
immunity is set up immediately after tlie injection of the mixture, but 
it is not sufficiently durable for the re(|uireiiients of practice. For 
this reason Leclainche followed up the first injection by a second, which 


1 Jrch.f, Muneliou n. Leip/.ig, 1SJ>1, Bd. xii, H. 275. 

2 JMuL^chethierarztL IVc/m^chr,, Karlsrulm, 1893, ]id. r, S8. 41,85 ; Cenilraihl. 
Bdhtey'iol.iL Pariisllenk.^^iiivdi, 1S93, Bd. xiii, S. 357 ; DetHsche Ztschr,J\ 'Ihh^nnetL. 
Leipzig, 1894, Bd. xx, S. 1. 

3 Rec. Toulmise, 1900, t, iwii, p. 349. 
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is made ten to twelve days later and consists of an inoculation of half 
a cubic centimetre of pure virus. This new method had the special 
advantage of arresting, almost immediately, the mortality in an in- 
fected ])iggery and of eliminating the chronic cases that are some- 
times observed after the Pasteiirian vaccinations. 

Leclainche^ has already applied his method of serum vaccinations 
to moi*c than five million pigs of all ages. fc lias been found to be 
constant in its effect and absolutely innocuous,” and “not a single 
case of crysi|>elas lias been met with in pigs that had received the two 
vaccines,” and Leclainche hopes that his method will soon come into 
general practice, and that it will bo iitilfeed in aR cases where the 
Pastenrian method is found to be insnlficient. 

As the basis of all the new methods for vaccinating jiigs against 
erysiiK'las is the preparation of scrums capable of prevtmtiiig the 
})athogenic effect of the bacilli, the question of the determination of 
the |)rotective power of these serums conies to be one of considerable 
importance. At first one was satisfied with certain ajiproximate 
[409] estimations, but later the necessity was felt of having a more exact 
measurement. Tjeclainchc is jiersuaded that of all tla.^ laboiulory 
animals capable of being used for these cx|)eriments the jiigeon is the 
oidy one that can nsefnlly fidiil tins role ; very susceptililc to the 
])assage virus, it is killed by the bacillus after a regular incubation 
and invasion period, and tlie chronic form of the erysipelas, so 
troublesome in tlie ralibit and even in the pig, is met with in the 
pigeon in very exceptional cases only. Leclainclie commenced his 
experiments by inoculating into the pectoral musc h's of the pigeon 
mixtures of serum and virulent cultures. The pigeon received 1 c.c. 
of a culture of a passage virus mixed witli variable (piantities of 
serum. The serum is ready for use in the vaccination of pigs when 
the pigeons resist the injection of a mixture of 4 a c.c. of serum with 
1 c.c. of a virus wdiich kills tlie control pigeons in 60 to 72 hours. 

At the Frankfiirt Institute of Efqieriniental Therapeutics another 
method of testing devised by Marx" is used. Tn it injections, below 
the skin of a series of grey mice, are made of progressively increasing 
doses of the serum the strength of which it is desiicd to determine. 
Twenty-four hours later a virulent culture of the bacillus of swine 
erysipelas is introduce|l into the peritoneal cavity of tlie same mice. 
The virus is so clioseji tliat the control mice die in about 72 hours. 

^ Rev. ret.j Toulouse, 1001, t. lviii, p, 140, 

® DeifUche thierdrztL Wvhnschr.j Karlsnilie, 1001, No. 0, 
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Marx finds tliat this method gives x-esults which are much more 
coustant and exact than any otlier ; this opinion is confirmed at 
Ilochst, the largest factory of serums in Germany. 

t 

VIIL Vamnailons af/ainst hovme pleiiropneiirm>7rm^ Tliijs in- 
fective disease is out) of the most dreaded scourges of bovine animals. 
Very eontagious, it has spread from central Europe not only into all 
tlie otlier countries of the European continent, but into Africa, 
America, and almost every quarter of the globe. The virus of this 
disease was discovereil in the serous exiulation of liepatised lungs 
long before the uiicrobiolc^ical period of the Medieid Sciences Inul 
begun. 

iJr Willems of Ilarselt, who made an CAperimcntal investigation, 
remarkable for the time at Avhich it was carried out (more than half a 
century ago), denionstrated at once the great virulence of the pul- 
monary serous Iluid ; he found also that the elVects of the inoculation 
of the vii'iis varied much according to the seat of inoculation. AVIien [500] 
made into the trunk, the neck, or the shoulders, the inoculations are 
usually fatal ; at the peripliery, the lower })art of the limlis, at the 
extremity of the ears or of the tail, the inoculation ordiMarily pro- 
duces merely an intlauunatory tiimefaction of small (‘Xtent, which is 
absorbed in a few weeks; after this the animal is refractory to the 
natural disease. Willems concluded from tliis that we may va(*cinate 
against plenropneuinonia by inoculating the vindent serous iluid of 
tlie lung into the tail. Willems’ method of inoculation became a part 
of current pnictice 50 velars ago. 

For the carrying out (»f a large numlier of vaccinations it is 
necessary to liavc at one’s disposal an ado<|nate c|nantity of virus ; 
it was therefore to meet this requirement that researeh(\s woiv first 
carried out. Tlie serous iluid was withdraAvu from the hepatised 
lungs of animals that had succumbed to the disease and was inocu- 
lated into normal Bovidae as so''^m as possible, so as to avoid con- 
tamination of tlic fluid. In fact this imlmonary serous fluid often 
contains foreign germs capable of rnultiiilying rapidly so that it putre- 
fies very ([uickly, Pasteur showed tliat it was possible to renuMly 
these drawbacks by a very sinijile metliod by which he could obtaiii 
a large qiuiutity of rigorously pure virus. All that is necessary is to 
inoculate a little of the pleuropneumonic virus lielow the skin of a 
weaned calf, behind the shoulder. At the seat of iiio( ulatiun there 
is an abundant exudation of virulent serous fluid into tlic cellular 
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tissiiCj from whicli we are dialled to collect large quantities of 
pure virus. 

Ill some countries, as in Germany ami in Australia, institutions 
have been founded for the production by this metliod of the virulent 
serous fluid necessary for these inoculations. 

The virus sliould be inoculated into the tip of the tail of animals 
that it is desired to iininuiiise, because the tcijiiperature in this situa- 
tion is relatively low and the connective tissue is dense and not very 
abundant. The inoculation is made with a lancet or a Pravaz syi inge. 
The vac(*ination is generally borne well, in spite of the reaction 
Iihenomena >vhich are manifested about two weelis after the intro- 
iluction of the virus. At that time a febrile condition is set up and 
a swelling manifests itself at tlie point of inoculation, whicli, however, 
soon retrogresses and then disappears. 

Tlie immunity conferred by Willems’ method is substantial and 
lasting (for one or two years aiul even longer) ; this explains its great 
success in the hands of breeders and veterinarians. Accidents fob 
fjOi] lowing its use are rare, and the mortality does not exceed 1 [ler cent. 

In spite of all these advantages a new method Mas still desii‘al)le, 
a metliod Mhich Mould alloM^ of the preiiaratiou of large quantities 
of virus of a suitable and uniform activity under conditions of irre- 
proachable purity. Thanks to the discovery of the micro-organism 
of ])lcurupiieiimonia Mhich mc owe to Xocard and Roux^ tliis object 
has been achieved, Witli the collaboration of Borrel, SaJimbeni, and 
Dujardin-Beaumetz, they succeeded iu demonstrating and isolating 
this micro-organism, the smallest of all known living organisms. The 
first steps in tliese researches Mere very laborious, but later the 
organism of pleui*opneumuuia was cultivated on fluid and solid media: 
Martin’s broth (prefiared Mith pigs stoinaclis) or agar nith the 
addition of a certain (piantity (about 0%) of fresh ox serum. The 
serum-broth, sown Mith pure [ineiimonic serous fluid, gives only a 
modei’ate groM’th, M'hich becomes only slightly turbid and contains 
micro-organisms so small that it is impossible to distinguish tliem 
individually. Tliey can be made out only Mdien massed together iu 
irregular chimps. The minuteness of this micro-organism is evidenced 
by the case witli wliich it passes through a Berkefeld filter, and even 
through certain Chamberland candles (F). This feature enables us to 

^ A}}v. de Vlmt. pMvis. 1S!)S, t. xir, p. 240 : CinquantetL d. 1. iSoc, d, 

hiol., Puris, 1899, j). 410 ; Dnjardiii-Jieaumctz, “ Le microbe de la poriimeumoMie/’ 
These de Fai’is, 19(H). 
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obtain tlie pure virus easily, a fact very important in connection with 
tlie isolation of the micro-organism. 

Once in possession of pure cultures of the micro-organism of pleuro- 
pneumonia, Nocard and Koux attempted to make use of it in pra(*tical 
vaccination. They show^ed that the organism sei)arated by them is 
capal)le of producing typical pleuropneumonia when it is inoculated 
into the ai)propiiate .cgions of the body of bovine animals. But 
when inoculated subcutaneously or into the skin of the tail, it 
produces merely a mild and transient disease Avhieli confers an 
immunity quite as effectual as that set up by the inocuIati()]i of the 
virulent serous fluid. It nuy be readily uuderKstood that, under those 
conditions, pure cultures may be mu(;h more serviceably emjdoyed in 
the practice of vaccination than can Willems' virus from the fact that 
it is easy to ol)tain large quantities of al)8oluteIy pure? cultures. It is 
easy to prerlict that the new inetliod will soon reidace the old one, 
very gi*eat as arc the services the latter has rendered to agriculture. [502J 
Up to the pi*esent, vaecinatioiis with pure cultures have been made in 
several districts in France with very favourable results. The Pasteur 
Institute and the Veterinary School at Alfort have ali*eady distributed 
to veterinary surgeons more than 5,000 vuecinal doses of culture ; the 
})rotective action of these inoculations has been at least equal to that 
of the inoculations by Willems’ method and the resulting accidents 
have been reduced in the ])roportion of 20 to } \ 

The serum of animals hyperimmunised against pleuropneumonia 
possesses a very distinct pri)te(Mm action, but too little marked and 
of too short duration to be of any use in practice ; it has also a 
mr afire action arresting the invading marcli of a pleuropncumonie 
congestion ; but here it is necessary to intervene early, before the 
appearance of fever, and to inject large quantities of serum. 

The inoculation of a mixture of virus and serum produces no 
congestion; but it does not confer any immunity; the animal remains 
just as susceptible as the control to the inoculation of the {nirc virus. 

IX. Vaccbiat liras atjainst typhohl fvvev. In the preceding 
sections I have treated more especially of the vaccinatioTi of domestic 
animals against several infective diseases. Tlie information collected 

^ In 1884, in the Br‘j>;ii*tznent of the na.s.st‘s~ lyreiiccs, the Willoni.s' nieiliod of 
inoculation was cai ried out on Bovidae ; of tliis lounher 10 died a?id iO h>.sL 
their tails coniijlotely. In 100 1, in the saino dopartnu'nt, *2800 Px^viilae wore 
inoculated with pure cultures, only 1 died and 0 lost their tails. 
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oil tliis subject is marked by its f^reat exactness, as it is easy to apply 
to aniinals tlie most rigorous experimental metliod. In tiic case of 
tlie human subject this is not such an easy matter. As it is imiiossible 
to submit l»im to experimental j»roof we are obliged to be satisfied 
with observation, controlled by statistical data. The experience of 
more than 100 years has, however, been sufficient to demonstrate the 
great utility of vaccinations against small-pox 'with the virus of covv- 
])OX which is innocuous for tlie human subject. In the case of antirabic 
vaccinations we have to deal with injections into the human subject, 
first of weakened viruses and tlicn of virulent viruses. Here, how- 
ever, it is a question of the preservation of the already infected human 
organism, which, very often, only comes under treatment during the 
incubation stage of rabies. One can readily understand the hesitation 
to inoculate even weakened viruses into the huinau subject, especially 
O,*!] when we are not dealing with altogether exceptional cases such as 
we have in tlie protection again.st rabies. We have, therefore, but few 
e.vanqdes in which the methods of vaccination by microorganisms 
have been applied to man. Such injections were first tried by Ferran‘ 
against Asiatic cholera. Having .succeeded in vaccinating guinea-pigs 
against experimental cholera septicaemia, the Spanish investigator 
attenqited to inoculate cholera vibrios into the sulicutancous tissue of 
man, hojiing thus to vaccinate him against true cholera. In this way 
he was able to demonstrate that the subcutaneous injection of living 
vibrios never sets up symptoms of cholera. The injection is follovveil 
by a general loaction in the form of fever, pains in the , back and 
inflammation at the point of inoculation, in a word, transient plienomena 
of little gravity. Fncouraged by the.se initial results l‘’erran, jirofiting 
by the outlireak of cliolera in the inovincc of Valentia, injected into 
inorc than 20,000 persons living cultures of Koch’s vibrio. The results 
jmblished by him did not, however, furnish any real jn-oof of the 
ivossibility of confen ing immunity against intestinal cholera by means 
of subcutaneous injections. Later Ilalfkiue'^ modified Ferran’s primi- 
tive method somewhat, and instead of living vibrios he injected 
vibrionic cidtures killed by heat or by antisei»tics. During the cholera 
ejudemic of 10)92 and lOtkJ he tried the inoculation of these killed 
vibrios into man, with the object of vaccinating against Asiatic 

’ “ L’inocrilatii))! ittevcutfve contre lo choler.a morbus asiatique” (translated from 
the SpiMii.'ili), Paris, ISS;}, < 

^ “ Aiiti-eliolora Inooulation.s in India,” Med. Gaz., CideiiUa, isso, Mo. 1. 
[Also Report to the Gov. of Imlia, Calcutta, 18^5.] 
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cliolera. Later he went to Calcutta in order to try his nietliod on a large 
scale. He was there enabled to inoculate a great number of ])ersons, 
and the statistics which he collected appeared to him to be lavourable. 

But studies on the pathogenesis of Asiatic cholera sliook the 
foundations of Ferran's method. The injections of vibrios, living or 
killed, were found quite capable of vaccinating animals against 
vibrionic peritonitis and septicaemia, but they apj)ear to exert no 
inttuence wluitever against poisoning by the cholera toxin. Wlien 
it had been learnt how to set up true intestinal chojora in young 
rabbits Ferrau s and other similar methods of vaccination were use<l 
in vain to prevent the incidence of tliis disease, wliicli is veiy similar 
to Asiatic cholera of man. An ex])eriment^ 'nuule at tlie l^isteur 
Institute in Paris upon two persons vaccinated by llalfkine, sliowed 
that they were not protected against the clioleriform diarrhoea set 
np by tlie ingestion of the cholera vil)rios. A third j)erson, who 
had never been “vaccinated'’ and who served as “control,” after the 
ingestion of the same cholera culture, l)cl)aved exactly as did the 
otl)er two. 

From all tliese data the conclusion was drawn tliat in order to 
prevent intestinal cholera it is necessary to use not cultures of 
vibrios, living oi- dead, but antitoxic serums. In fact, tlie majority 
of young rabbits vaccinated with these serums and afterwards sub- 
mitted to infection by the cholera virus through the mouth were 
found to be vaccinated against intestinal cholera. It lias not been 
jiossible, as yet, to aiijdy this method to man, hence we are unable 
to give a decided opinion. Moreover, as the methods based on 
Ferrau’s principle have now been abandoned I Iiave not deemed 
it necessary to devote a siiecial section to anticholera vaccinations. 
I could not, however, pass it by in silence, since the attempts to 
vaccinate man against cliolera have led to the trial of a similar 
method against typhoid fever. 

PFeilfer and Kolle**^ were the fij'st to inoculate man with tyjihoid 
coccobacilli sterilised liy heat. They observed that these injections 
caused fever, pretty violent pains in the back accompanied by vertigo, 
shivering and pain at the point of inoculation, without, how ever, being 
in any way serious to health. At the same time they found that the 
blood serum of inoculated persons acquired a very marked protective 
power (for guinea-|ngs injected into the peritoneal cavity with Ictlial 

^ Atui. (fc rimt, Pfialeur^ raris, 1893, t. viT, p. /579. 

^ iJciUsdie 7ned. Wchmfchr.y Leipzig, LSUfj, )S, 735. 
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(loses of typhoid cultures) ({iiite comparable to tlie proj)erties 
discovered by them in the serum of persons who had recovered from 
typhoid fever, Pfeifl'er and Kolle believed that they tlius had a 
]>roof of tlie refractory condition of the individuals whom they had 
submitted to these injections. 

These ex])eriments were continued by Wright, Professor of 
Patliology at Xethw, and it is owing to his^unwearied ehbrts that 
science finds hmvself in possession of very impoi-tant evidence on the 
subject of protective inoculations against tyi)hoid fever in man. 
According to a verbal communication made to me by \Vright, lie 
505] has up to the jiresent distributed inorci than :i0(i,0n0 doses of his 
antityi>lK>id vaccine. This vac^ejne he [nepared in the following wayh 
The typhoid coccobacillus is sown in carefully neutralised broth 
containing I of peptone, 'i’he flasks of culture arc kept in tlic 
incubator at about d7 C. for two or three weeks, after which their 
contents are transferred to large flasks in order to be submitted to a 
temperature of GO'^O. This temperature is ({uite sufficient to kill all 
the coccobaeilli; Imt for greater surety Wright added to liis cultures 
one- tenth of their volume of a solution of carbolic acid or of 
lysol. Tlie vaccine, thus pi'eparcd, is examined as to its toxicity 
for tlie guinea-pig by means of subcutaneous injections. Wright 
injects into man a dose of vaccine which is suflicient to kill 
100 grammes of guinea-pig (of the weight of 250 to dOO grammes). 
41ns dose often amounts to half a cubic centimetre, but it may 
have to be increased to 1 c.c. and even 1*5 c.e. 

Ilic inoculations are made below tlie skin of tlie flank or in 
the shoulder. They are followed by a rise of Uaniieiaturc wliicli 
commences as early as two or three hours after the injection. This 
fever is accoiiipanied by pains in the back, nausea, and want of 
appetite. Tlicre may even be collapse ; tliis led Wright to keej) his 
patient in bed for some time after the vaccinal injection. Besides 
this reaction, there ocxairs, at the ^oat of inoculation, a swelling and 
redness, aciamipaniod by jiain ; as a rule all these symptoms have 
disappeared by tlie end of 18 liourv^. 

Wright convinced Jiimself that the blood senun of individuals 
treated by liis vaccine, at the cud of a certain time acquires the 
])ro|)crty of agglutinating ty|)hoid coccobacilli in a variable, but 
usually very marked degree. He even tlunight that this [iroperty 

1 Wj-ight jaid JjtMslannn, Brlf. Med. Jouni., London, laOO, Vol. i, p. 122; | Wright, 
‘‘A slioit treatise <>u anti typlioid inocuhition,'' London, ia04]. 
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luiglit up to a certain point serve as the measure of the immunity 
acquired against typhoid fever. His own researches, however, showed 
him that tliis supposition could not be niaintinued, and that the 
agglutinative i)Ower, varying gi'catly in strength, might sometimes l)e 
absent wliere the imnuinity could not be denied. On the other hand, 
lie clearly showed, especially by the ex])criinents with serum collected 
at the period which i7reccdes the relapses, that tiie agglutinative 
property might be Idghly developed, in spite of tlm a))senec of im- 
munity. Wright tlien set himself to study tlie bactericidal pro[)er(y 
of the serum of individuals who laid been injected uith his vaccine. 
He devised a very ingeniou*s method of gaining witli a minimum loss 
of time some idea of the fluctuations M)f this power of the body fluids 
to kill the typhoid eoecobacillus. In the first i)laee lie demonstrated 
tliat the bactericidal property is not at all parallel to the agglutinative 
])Ower, and this has further confirmed him in his opinion that there 
may be no direct relation between it and a<*(|uircd immunity. He has 
found further that the i)Ower of the blood serum to destroy tlie 
ty|)hoid eoecobacillus is very variable in persons vaccinated by his 
method. After injections of largo quantities of tlicse killed bacilli 
this power may even be diminished for a very long [period. On the 
otlier hand, medium or small doses of the vaccine first set u]> a 
negative stage, during wliich the bactericidal property is very feeble, 
and later they bring about an increase of this proj)erty, ofte n \'ery 
marked. Wright does not thiidv that the bactericidal power can 
serve as tlic measure of the immunity acquired by the vaccii^ated 
individuals, but he hopes that some day a method may be found 
suitable for the examination of the blood which will give us informa- 
tion as to the degree of imnuinity conferred b}"^ the antityj)hoid 
vaccination. For the present the only basis upon which we can form 
any oi)inion on this subject is furnished by statistics. Now we know 
that it is often very difficult to collect data that are sufficiently exact. 
Hence during the war in South Africa, where one-fifth of llie Fnglisli 
troops, that is to say about 50,000 persons, were submitted to 
vaccinations by Wright’s method, it is only in certain cases that the 
statistical information can be utilised. Many of the i)atients aitax^Ked 
by slight fevers arc omitted fi’om the statistics, because from the 
uUsence of a precise diagnosis it is not knowq whether tlicy should 
eoine under the category of typhoid ])atients or not. In olJier cases 
the secondary complications divert tlie attention of the doctors and 
prevent the registration of a proper diagnosis. 
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of the data collected amongst the English troops in South Africa, 
Wright considei’s that those which were collected during the siege 
of Ladysmith were the most exact, on account of the facility witli 
whicli it w’as possible to study and register all the cases of typhoid 
fever under these conditions of complete isolation. Now it lias been 
recognised tliut, amongst the vaccinated soldiers and officers, there 
occurred scarcely onc-eiglith as many cast^ of typhoid fever as 
occurred amimgst the unvaccinatcd (1,1!)0 cases in 10,529 unvac- 
ciuated, and :J5 cases in 1,703 vaccinated). The inortidity amongst 
[307] the vaccinated was also very much lower. The difference to the 
credit of the vaccinations should in rc%lity be »ieven greater, for 
amongst the mi vaccinated ar» counted many persons who having 
already had an attack of typhoid fever were not submitted to 
vaccination. 

The testimony of the majority of the medical men who followed 
the lesults of Wright’s method closely is also favourable to the 
vaccinations. Thus Henry Cayley ’ reports that the staff of a Scotch 
Hospital of the Red Cross, almost all of whom (37 persons out of 61) 
had received two vaccinal inoculations, escaped typhoid fever, in 
s])ite of the numerous ojiportunities afforded for the contraction 
of the disease. This vei’y favoui’able examjile is also instructive 
in that it testifies to the value of two consecutive vaccinations. In 
many other cases where one lias had to be satisfied with a single 
protective inoculation the results were less brilliant. According to 
Howard Tooth, who made his observations at Bloemfontein, the 
vaccinations according to Wriglifs method must be regarded as 
very useful. 

Outside South Africa this method has been employed on a 
fairly large number of persons in British India, in Egypt, and 
in Cyiirus. According to the earlier statements from India the 
incidence amongst the vaccinated persons was one-third that of 
the unvaccinatcd. The most recent statistics^ show still more 
favourable results. Thus at JMeerut the incidence amongst vaccinated 
persons from Oct. 1699 to Oct. 1909 was one-eleventh that of the un- 
vaccinated (2 cases of typhoid fever in 300 vaccinated, and 11 cases 
of the same disease in 179 unvaccinatcd) : the mortality (one case 
amongst the former, six amongst the latter) was less than one-twelfth 

that of the unvaccinated. 

« 

^ Brit. Med. Jo tint., LothIoh, 1901, Vol i, p. 84, 

- Lancet, Luiidon, 1901, Vol. i, p. 399. 
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In Egypt and in Cyprus according to the statistics communicated 
to Dr Wright^ by Col, Fawcett these vaccinations liavc given even 
better results. In 2, (>09 unvaccinated persons there occurred 98 cases 
of typhoid fever with 10 deaths, whilst anlongst the 720 vaccinated 
there was only a single case of this disease, this single case suc- 
cumbing. Here, however, we have to do Avith a patient who must 
have received the vaccinal inoculation during the period of incubation, 
the disease breaking out soon after the vaccination. This would 
represent in all the (uses a morbidity only one-seventeenth as intense 
amongst the vaccinated. 

A few isolateck voices only have not pronounced in fiivour of the [508] 
antityphoid vaccinations and their o 4 >inion is foiamdated in a, very 
undecided fisldon. Amongst tlie most important of these adver- 
saries, if indeed we may term them such, must be cited Waslibouru-, 
on account of his experience in microbiology. Attaclual as a doctor 
to tlie Yeomanry Hospital at Decllbutein in South Africa, he 
Avitnessed many cases of ty[)hoid fever and Avas greatly struck by the 
death of tAvo persons amongst the vaccinated patients. But he 
himself confesses that it is as yet premature to judge Wriglits 
method, and in sup|)ort of his sceptical attitude does not offer any 
other satisfactory observation. 

Outside the English colonics V'accinations against typhoid fever 
have been tried in Russia by Wyssokowitch^. He inocukited 
285 soldiers of a regiment encamped at KicAv, amongst Avhom an 
epidemic of tyj)hoid fever had broken out. The vaccinations Avere 
carried out by means of cultures killed Avitli carbolic acid. We are 
unable to judge of the efficacy of the method because the number 
of ])ersons vaccinated Avas too small and the ei)idemic too limited. 

It may be noted, hoAvever, that amongst these individuals not one 
took typhoid fever, Avhilst amongst the imvaccinated three cases 
of the disease were registered. 

The antityphoid vaccinations ha\ c as yet only a very sliort history, 
and it is, perhaps, premature to express any decided opinion on the 
matter. We may, however, consider the results already obtained as 
offering encouragement to continue our experiments. Everything, 
indeed, tends to a recognition of the utility of vaccinations by means 
of killed typhoid cultures. The statistic^s are as a rule good ; the 

1 Lancet^ London, 1901, Vol. i, p. 1272. 

“ Bi'lL Med, Journ.,, Loiidoii, 1900, Vol. r, p. 

Gaz. din, de Botkine^ St Potersb., 1899, p. 1911 (in Ru.ssiuii). 
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danger from tlie protective inoculation is nil or quite trifling. With 
tlie exception of the discomfort of which aa'c have spoken and wliich 
is transitory, no untoward rcsidt lias ever been observed. 

To all this must be added the fact that from the point of view 
of the pathogenesis of typhoid fever, all the ])robabilities point in 
favanir of the vaccinations. Whilst in Asiatic cholera we have to 
deal with an intoxication, from the alimentary canal, an intoxication 
set up by vibrionic products, against which the subcutaneous inocu- 
lation of nucro-org!iidsms can not lie etfective, in typhoid fever we 
have to do with a real infection. The micro-organism, altliough de- 
veloj»cd at first in tiie sm;dl intestine, becowes geneivdised througliout 
tlie system. Thanks to inqirov.ed metliods it can always, or almost 
[i>09] always, be found in the lilood of the patient, and its constant locali- 
sation in the spleen furnishes a real evidence of this. Under these 
conditions it is quite natural to suppose that everything which is able 
to ])reveut tlie penetration of the typhoid coccobacillus into tlie blood 
and the ink-rnal organs ought at the same time to contribute to the 
in otection of the individual. 

We are fully aware tliat science has not yet said its final word 
uiion this question. We arc coming more and more to the conclusion 
that it is necessary to make two injections instead of one. It is 
possible that we may have recourse to certain improvements of the 
method by combining with it the injections of antityphoid serums as 
a protective measure. The near future will doubtless bring us the 
solutitm of these very important ([uestions. 

A,. \ (iccinctfious 0(1111 Hiit hutnoih 'pTocjiic, Plague, which for so 

long was looked upon as the greatest scourge of humanity, has until 
recently remained almost unknown from the scientific point of view. 
But Iroin the moment that it became possible to apply to its study 
the immense advances realised by microbiology the thick veil which 
had hidden its nature fell at a single stroke and science found itself 
in possession of effective means of fighting against it. Amongst these 
means one of tlie most impoitant is protective vaccination. 

tv lien the last pandemic of plague broke out in Bombay and in 
the East Indies in general, IJalfkine was there engaged in ajqdying 
his method of vaccination against Asiatic cholera of which we have 
spoken in the preceding section. Well acquainted with the results 
of the bac-teriological researches made on bubonic plague by 
Kitasato, and especially by Yersin, he, in began to stiuly this 
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disease. After the discovery made by Yorsin, Borrc'l, and fWrnettcj^ 
who showed that aiiiiiials susceptible to human plague could be 
easily vaccinated against the micro-organism which gives rise to it, 
Haffkine^ endeavoured to find a practical Aiethod for the vaccination 
of man. He set up a laboratory at Bombay and, idler some 
preliminary experiments on rabbits, lie commenced to inject ImuKvn 
beings with pure cultures of the plague coccobacillus. From 
lh07 up to the present he was able to vaccinate a very large [510] 
miinber of individuals, and the results obtained Iiavx‘ encouraged 
him to continue the ai)plicatiou of his method. The princii)le 
of this method is that wJiich had guided him in the jjreparation 
of anticholera vaccines and which used for the vaccines against 
typhoid fever. It consists in tlie emidoyinent of pure cultures 
of tlic specific organism killed by lieat. Tlie cultures are grown 
in large ilasks containing peptonised broth and sown with a small 
quantity of the plague coccobacilli. A little sterile l>uttei* or 
cocoaniit oil is poured on the surface of the fluid. Under these 
conditions the organism grows abundantly and pi’oduces growths 
which hang down into the fluid, reminding us of tlie stalactites in 
a grotto. This mode of development forms one of the most ty])ical 
characters of the micro-organism of human jilague. The culture 
flasks are kept at a temiieraturc of about 3if(l for five to six weeks, 
at the end of wliicli jieriod a large number of the bodies of the micro- 
organisms have fallen to tlie bottom of the flask, allowing much of 
their toxic contents to escajie. The fatty layer on the surface favours 
a surface <levelopment ot the coccobacilli, the number of micro-organ- 
isms in a flask being thus greatly increased. 

After growing for 35 to 42 days under these conditions the 
cidtures are heated at G5'' — /O'" C. for from one to three hours with 
the object of killing all the micro-organisms and so rendering tlieir 
injection innocuous. To make sure of the etfectiveness of tliis 
heating care is taken to remove .a small portion of the fluid aiul to 
sow it in a suitable inediunL Should this medium remain sterile the 
vaccine may be used. Into adult men it is injected in a dose of 3c.c., 
whilst women, children, and adolescents receive 2 — 2'5 c.c., into the 
subcutaneous tissue. 

Some hours after the injection of the vaccine the temperature 

^ A nn. de VInst. Pastmir, Paris, 1890, t. ix, p. 58!). 

“ Brit. Med. Joiirn.^ Loudon, 1897, VoL i, p. 14G1 ; Indian Med. 6'a r., CalcaUa, 

1897, Vol. xxxn, p. 201. 
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rises above normal, reacliing to 39"' C., and sometimes even 

40°~40*5°C. This febrile condition lasts from 15 to 43 hours. It is 
soon accompanied by pain, redness, and swelling at the point of 
inoculation. These symi)Voms persist for from three to five days. 
The malaise which follows the Aaiccinations is sometimes very uncom- 
fortable or even painful, but never serious. Only in exceptional 
cases is the formation of abscesses observed, afcd this is due, undoubt- 
edly, to contamination of the vaccines by foreign micro-organisms. 
The Englisli tbunnission sent to India to study plague found other 
micro-oi’gauisms than the plague coccobacilli fairly frecpiently in the 
11 ] vaccine culture flasks, but, ivith very rane exccptbns, these micro- 
organisms were f nind to be inpocuons. By rigorously following the 
rules to be observed in making pure cultures it should not be diffi- 
cult to avoid this complication. 

Ilaffkinc used every effort to induce his patients to be vaccinated 
a second time, being justly persuaded that two injeritions are capable 
of ensuring a more certain and more stable immunity than is a single 
injection. 

From what moment immunity may be considered to be acquired 
has been a matter for great discussion. From very numerous cxiieri- 
ments upon animals of various siiecies, as w'cll as many oliservations 
on man, it is now agreed that a period of scvei'id days (5 — 8) from 
the injection of the vaccine is required liefore immunity is manifested. 
It is for this reason that cases of jilague wliicli have broken out 
bef'oic this ])criod has elapsed cannot be looked upon as contra- 
indicating the efficacy of the method. 

A large amount of evidence, coming from jiersons wlio have made 
their observations on the s[)ot, is almost unanimous in endorsing the 
firct that Ilaffkine’s vaccination protects man against plague. It is 
often difficult to conqiile exact statistics in surroundings where so 
many factors contribute to deceive even the careful observer. In 
sjntc of this a certain amount of CiVidence lias been collected which 
may be accepted as affording us fairly satisfactory information. One 
of the best groups of statistics was that collected at Daniaun, 
a Portuguese possession in India, into which plague was imported from 
Bombay in 1897, and where a large number of vaccinations were 
carried out. From the report of Hafl’kine and Lyons^, in a popula- 
tion of 8-230 persons, rather more than one-fourth (2197) were 
vaccinated, the greafer majority (6033) remaining uninoculated. 

^ ‘Moiut Report on the Epidemic of Plague in Lower Damaun,” Bombay, 1S97. 
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Amongst the former only died from plague, Avhicli corresponds 
to 1*6 per cent. ; whilst amongst the uiivaccinated persons the disease 
carried olF 1162 persons or 24*6 per cent. Vaccination, tlierefore, 
according to these statistics, must have bfonglit down the mortality 
to onedifteenth. The German Commission^ two members of Mhich, 
Koch and Gaifky, went to Damaun to be present at the vaccinations 
and to observe their ^cflicacy, pronounced in favour of Ilalfkine’s 
metliod. The English Commission^ made reservations and criticised 
the statistics of Ilaffkine and Lyons (who amongst otliers attribute 
all the cases of deaths that occurred amongst tlie unvaccinated to[, 
])lague), but in the end this Commission also recognised the utility 
of the vaccinations at Damaun. ^ 

The data collected with regard to the vaccinations at Undhera, 
Hubli, and several other places in British India confirm the results 
obtained at Damaum The statistics collected at these localities 
ai'c certainly open to criticism, but the result as a whole is 
none the less encouraging as regards this method of vaccination. 
Accoi’ding to the conclusions of the English Commission the '^inocu- 
lations had a considerable eircct in warding off plague attacks from 
the inoculated..., The protection afforded by inocidation seems, how- 
ever, never to be absoIutc'V’ We do not, as yet, know the diiratioii 
of the immunity produced by llaffkine’s vaccinations ; it cannot bo 
very long to judge from the experiments on animals, but it may last 
for several weeks, probably even for months. 

The vaccinations by killed cultures may be especially useful when 
it is a question of limiting the extension of ati epidemic tliat is 
already established. The ease with which thcvaceiuc can be prepared 
lenders it possible to obtain very large quantities of it in a short 
time, with whicli it is possible to immunise the entire po])\dation of 
toAvns or districts. But, as the immunity by this method rc(iuires 
several days for its development and as the injections of micio- 
oi-ganisms, even when killed, may be very injurious during the 
incubation period of plague or immediately before the infection, it is 
necessary to limit the vaccinations to persons who arc not in intimate 
contact with the sick, or who are, from the beginning, exposed to 
iufectioiik 

1 A rh. a. d, K. Gsndhtsamte, Berlin, 1899, B<1. xvi, S. 33 1. 

- “ Report of the Indian Plague Com mission,’' London, 1901, Vol v, Cliripter rv. 

^ I hid. Chapter iv, p. 81. 

^ See Calmette, Rav>port sur les vaccinations contre la peste/' CUmqd, rend, d. 
X Conyr. internat dliyg. de Paris ^ 1900. 
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Lustig and Galeotti^ have described another method of preparing 
antiplagnc vaccine which can be utilised where it is of importance to 
ol)toin a large (juantity of vaccine in a very short time. Instead of 
allowing the cultures to ^row for five or six weeks as required by 
Ilatridne’s method, tlie Italian observers make use of cultures on agar 
which have grown for two days onlj'. The mici’o-organisms, removed 
from the surface of the agar, are treated with a weak solution of 
potash ((V/a"/^ — 1 %) wliich dissolves the bodies of the coccobacilli. 

[513] 'I’his phenomenon lias sometimes occurred by the end of tw-enty 
minutes, but it often requires an hour or more. The contact of the 
micro-organisms with the alkali must never exoeed throe hours. 
'I'he viscous mass tlms obtained,is then treated with acetic acid, when 
a prcciiiitate is thrown down. This precipitate, after being washed, is 
used for the vaccinations. When injected in large quantities into 
animals, laistig and Galeotti’s product sets up necrosis, but a weak 
(lose is well borne and confers immunity against plague. In man it 
is sullicicnt to inject two or three milligrammes of this substance 
diluted with water. The vaccinal nuclein of the Italian observers has 
been but little employed for the immunisation of man in India, but 
it is largely used in this country for the inoculation of horses from 
whicli to obtain an antiplague serum. 

The scrotherapeutics against human plague were inaugurated by 
the researches of Yersin, Borrel, and Calmette (/.e,), who demou- 
strated that animals susceptible to the plague bacillus can be 
vaccinated and even cured of experimental plague. The preparation 
of anti])laguc serum has since been energetically pursuctl uiider 
Uoux’s direction at the Pasteur Institute. After several trials, 
some of which were very encouraging, others, on the contrary, 
somewhat unfavourable, they succeeded in obtaining a serum which 
is ca])al)lo of curing plague after it has brokoi out and has become 
grave. As in tliis treatise we intentionally leave aside eveiything 
(•onnected with healing we shall speak only of the antiplagtie serum 
as a protective agent. 

Whilst v.accinations by killed plague cultures have been practised 
principally in the East Indies, the immunisation with antiplague serum 
has been enqtloyed in Europe, especially at the time of the epidemics 
of Oporto in IhDa and of Glasgow in 1900. In all tliese cases use was 
made of the serum from the Pasteur Institute, up to the ]>rcsent the 
most active of all thbse prepared. It is a serum obtained Irom 
^ DenUche med. IVchmchr., Leij>zig, isy7, tiS. 2-27, 28f) 
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liorses treated for a long period with cultures of the plague baeilluK 
and with the toxin of the same organism. Treatment is begun by 
injecting plague coccobacilli killed by heat (70° C.). These injections 
are made into the veins, with the object of Avoiding the local lesions 
which are observed after the subcutaneous introduction of micro- 
organisms. When the liorses have been rendered refractorv i)v this 
treatment with <lead micro-organisms, the next stej) is to in/ject (also 
into tlie veins) small quantities of living cultures. The doses of these 
cultures are gradually increased, and end by conferring upon the animal j 
a very strong immunity, Avhich is strengthened by injections of 
products of cultures passcvl through a Cliamberland filter. 

Calmette and Salimbeni^ injecte4 prophylactically more tlian 
GOO persons menaced by plague at (>j)orto. These compi'ised the 
doctors and the stafls of the laboratories of hygiene and of tlu^ 
disinfection services, the firemen Avho removed tlie sick persons and 
the dead, the families of those who were attacked, the members of 
the Fi^ench colony, etc. Into each person 5 c.c. of serum Avas injected 
beloAv the skin of the abdomen. These v^accinations in son^e cases 
caused nettle-rash, oruj)tions similar to those so often obs(>!‘ved after 
tl)e injection of the other kinds of serums. Of the total number in- 
jected two j)ersous contracted plague: the unfortunate Doctor Camera 
I^estana and his assistant. The former siicciiml)ed to the disease, but 
the second only contracted a very mild foi*m of it. I’he study of 
these GOO cases, as Avell as of experiments on animals, demoi^strated 
that the immunity conferred by the antiplagiie serum is set uj) 
immediately after its injection but is not of long duration. It is 
probable that it lasts for 8 or 10 days, or at furtliest a fortnight only. 

Similar results Avere obtained at (jllasgow. Van k]rinengcm who 
has published a report on tlie epidemic in this toAvn, mentions that 
more than 70 persons in good health Avere inoculated with the serum ; 
each one received 10 c.c. beneath tlic skin of the belly. Of tliesc 
70 persons one Avas attacked with a fairly mild |)laguc V> days after 
the A^accination, and another, a housekeepei’, was attacked, 0 dnys aftm* 
the injection, Avith a congestion of the cervical glands induced by the 
])lague bacillus. Both cases recovered. All the other vaccinated 
persons, in spite of constant exposure to the plague infection, 
remained unaffected. Van Ermengem Avas of opinion that the two 

^ yinv. lU VlnsL Pasteur^ Piiris, t. xiir, p. .902. 

BhU. Acad. ray. de mM. de Bely., nriixellcs, l.voo. 27 Ot-tobre. 
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persons treated with the serum were already infected when they 
were vaccinated. 

The Beljyian observer points out, furtlier, the frequency of secon- 
dary accidents which wece produced iji the persons vaccinated at 
Glasgow. Van Erniengem himself went through tlie ordeal after 
being injected with lOc.c. of serum as a protective measure and this 
gave occasion to sevend critics to attack the Basteur Institute. This 
is how Van Ermengem himself puts the matter. “The accidents after 
[i5i5]tlie immuuish'ig injections... were very numerous, they were observed 
;I3 times in 72 cases. Sometimes they were even fairly serious, to the 
point of causing great suliering to the patient ayd of disquieting 
those around them. We could describe them from thorough know- 
• ledge, since we experienced them, but they scarcely differ from those 
Achich are observed from time to time after the injection of anti- 
diphtheria scrum, and, like them, they disappear without leaving the 
least trace” (/.c. p. Ut)- 

In spite of these accidents and the necessity of renewing fre- 
(piently (every ten or fifteen days) the protective injections of scrum, 
tlicir use is (luitc advisable in certain circumstances. They may render 
great service on board infected vessels or in lazarettos (as in the case 
which occnri'cd at Erioul after the arrival at Marseilles of Arab 
stokers suffering from idaguc), in docks, Avarehouscs, and stores where 
contaminated merchandise is found. They shoidd also be employed 
to vaccinate those coming into immediate contact AA’ith plague cases in 
hosititals and in private hmises. In a Avord, vaccinations by serum, 
owing to their poAver of conferiing a very rajAid immunity, should be 
practised AvliercA'cr there is more or less immediate and imminent 
danger. Under these conditions they arc of very great service in 
localising the disease. 

The methods of vaccination against plague that have been 
employed iq) to the present may undoubtedly be improved. Calmette 
and Saliinbeni (J.c.) have already published the results of experi- 
ments on animals undertaken Avith'the object of studying the effect 
of a combiiAed method of vaccination Avith antiplague serum and 
killed cidtures of the plague bacillus. But even in their present form 
the methods used for protecting individuals against this disease de- 
serve to be regarded as conferring great benefits on humanity. 

• 

XI. Vaccinations agaimt Manus. Tetanus unlike plague is 
not a contagious disease, nor is it capable of becoming epidemic. 
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It constitutes, however, a very forniuhiblc disease against which all 
therapeutic methods have only a very limited eftect. This is a further 
reason for drawing the whole attention of medical and veterinary 
men to the prevention of tetanus by vaccinal injections. ’J'etauus is 
a disease in wliich the intoxication plays an altogether dominant part. 

The tetanus bacilli do not develop, at the point where they are 
introduced into the lady, unless favoured by auxiliary conditions, [.'iicl 
such as the multiplication of other micro-organisms. Even then the 
organism of tetanus reproduces itself with difficultj,’ ami without 
becoming generalised throughout the body. The poison which it 
secretes is howe'er sutRc'cnt to [u-oduce a very grave intoxication, 
ending most frequently in death. In certain countries tetanus, as 
a sequel to various wounds, is very lre(|ucntly met with in man and 
in certain domestic animals, such as the horse, donkey, pig, etc. 

it is only since the discovery by von Behring and Kitasato of an 
eHective method of imnnmisation agiiinst tetanus that it has been 
possible to consider the practical application of antitetanus vacci- 
nations. These observers demonstrated that the tetanus poison, 
when treated with trichloride of iodine, had its toxic action weakened 
and was transformed into an cltective vaccine. Koux and Vaillard 
found that the adtlition of Lugol’s iodo-iodurated solution to the 
tetanus poison renders it capable of vaccinating all kinds of suscep- 
tible animals. It was shown later, that even with modilied active 
tetanus toxin, we can still obtain good results when care is taken 
to inject the poison with great circumspection. 

But it is not these vaccines obtained from tetanus cidtiires that 
have come to be used in i>ractice. The best results are obtained by 
the use of antitetanus serums. After von Behring and Kitasato’s 
discovery of the power of the serum of animals immunised against 
tetanus to neutralise the action of the tetanus jjoi.son, very numerous 
experiments were made on the same subject. It has now become 
possible by treating horses with large quantities of tetanus toxin to 
obtain specific serums of extraordinary activity Thus several serums 
are capable of preserving mice against a lethal dose of tetanus poison 
if we inject into them a quantity of scrum equal to the one-thousand- 
juillionth of their weight. 

Serums of this strength protect domestic animals against tetanus. 

We know that many operations on horses, sheep, goats, pigs, and 
other mammals are very often followed by a tetanus whicli is usually 
fatal. Castration, amputation of the tail, the ablation of proud flesh 
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or tumours, the operation for cryptorcliitis or hernias, etc. are often 
complicated by tetanus. Moreover, tetanus may frequently appear 
in horses that have received wounds in the foot or in the lower 
])arts of the limbs, “Clo*s de rue,” farrier’s punctures, Aviredieels, 
blows, etc. 

L-^n] With the object of remedyiiiff this state of things Nocai^P distri- 
l)ute<l to veterinarians about 70 litres of a»titctanus serum to be 
employed for protective purposes. The majority of the animals 
treated (Iiorsdl^, donkeys, mules, bulls, rams, lambs, and pigs) received 
two injections of serum at an interval of 10 — 12 days, 20 c.c. for 
large animals and 0— ]0c.c. for sheep apd pigs, »Of /lOJlS animals 
whicii received tJie first injccdon of serum immediately after the 
operation not a single one contracted tidanus. Of 100 animals which 
received the first injection at a later period, 1 — 4 days and more 
after tlie accidental wound of which they had been the victims, 
one horse only, treated five <lays after the accident (farrier's punc- 
ture), was seized Avith mild tetanus, but it soon recovered. In the 
same localities Avhere the results of the vaccination were so brilliant, 
314 cases of grave and fatal tetanus occurred amongst animals operated 
ujton or injured that were not submitted to the serum treatment. 

It may be readily undei’stooil with these facts before us why tlie 
practice of jirotective vaccinations of animals against tetanus should 
have spread so rapidly amongst veterinarians. The demand for anti- 
tetamis serum from the Pasteur Institute of Paris for veterinary use 
increases every year at a great ratio. Thus in 1890 tlicrc Avcrc sent 
out only 1511 bottles of 10 c.c. each, in 1898 the number rose to 
2 l,95fi bottles, in 1900 it exceeded 43,000. 

The eflicacy of the antitetanus serum employed as a protective 
agent can no longer be <piestioned, but it must not be foi'gotten 
that its injection does not render the treatment of the wounds 
unnecessary, ’fliese wounds should receive a I'igorous antiseptic 
cleansing. All foreign bodies shoujd be carefully extracted ; other- 
wise the prolonged presence of tetanus spores might set up a late 
tetanus after the disappeaiance of the transient immunity due to the 
serum. 

The j>rotective injections of antitctauus serum into men likely to 
contract tetanus are also beginning to spread It often happens 
that bicyclists, in fallinig, i-eceive injuries Avhich are coutominated by 

^ TitifL Acad, de mk(., Pari.<, 1895, t. xxxiv, p. 407 ; ihld., J S07, t. xxxA'iir, p. 109; 
0>ntpt. rend. XII InUrnat, de Mid. d 1897, t, vii, p. *244. 
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liorse-dmij^ or other matters wliicli may contain the spores of tetanus. 
]n tliese cases, as in many other forms of injury, vaccination with 
antitetaniis serum is indicated. Thus it happens trom time to time 
at the Pasteur Institute that injured jicrsons come and ask for a [a 
protective injection of serum. Several medical men and surgeons are 
now accustomed to vaccinate such of their patients as have had their 
wounds contaminated by cartli or dung. All the cases of this treat- 
ment which liave come to our knowledge liave been followed by very 
good results. ( 

XII. Vaceinathns agal kM diphtheria, x\ntidiphtheria vaccinations 
have been the subject of much discussion since the discovery of the 
antidiplithcria scrum and its introduction into routine practice. xV 
large number of works were publislied for and against the application 
of serum in pi'otective treatment against diphtheria, especially in the 
early years of its use. Later tlic controversy lias subsided somewhat, 
and at present very few writers are found who continue to decry 
anti(li])htlieria vaccinations. 

Tlie antidii)htheria scrum was discovered iu 1090 by vou Behring 
worldngiu collaboration witlj Kitasato; these observers demonstrated 
iu laboratory animals its neutralising action upon the dijihtlieria toxin. 

A little later von Behring began to apjily it in the treatment of 
diiihtheria, lint the early resnlts were far from satisfactory, and 
von Behring soon recognised that it was necessary to olitain inucli 
more active serum. xVlong with Ehrlich of the Institute for Infective 
Diseases at Berlin lie set to work to study this problem. In colla- 
boration with several investigators, among whom 1 may cite Wernicke, 
Wassermann, and Ivossel, he succeeded in obtaining very encouraging 
results as regards the antitoxic strength of the serums and their 
therapeutic action on children attacked by diphtheria. 

At this time, also, llonx in Paris began, assisted by Martin and 
Chaillou, to study the same question. These observers preiiareil 
serums wliieli for that period were very active and made a very 
eifective application of them upon more than dOO diplitheria patients. 

From the year 1891 the use of serum began to siiread in all 
countries, and it was then that an attempt was made to apply it to 
the iirotection of childi’en in good health, but who had been sjx cially 
exposed to contagion. 

It was necessarv to liave at command Lirgo snp]>Iies of anti- 
diphtheria seriun ; this was prepared by injecting into horses 
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repeated doses of the toxin manufactured by tlie diphtheria bacillus. 

[5i3]Tlie scrums thus obtained were first tested as to their protective, 
antitoxic, and curative action on guinea-pigs, animals very susceptible 
to diphtheria. The nece.i,sity of finding some means of measuring 
the strength of the serum soon arose. Von Behring and Wernicke 
at tiret standardised it on the basis of the number of grammes of 
guinea-pig which coidd be protected by one gnynme of serum. Later, 
von Behring^ introduced the principle of the ‘• nonual serum, ” that 
is to say, a sirum of which O’l c.c., mixed with 10 lethal doses of 
diphtheria toxin, is capable of preventing every morbid symptom in 
a guinea-pig weighing doo to 400 grammes. ^ 

Ehrlich^ [)eifocted this method in the following way: to tubes, 
each containing 10 lethal dos*es of a standard toxin, are added 
diflerent amounts of serum, Tlicsc mixtures are brouglit to the 
same volume of 4c.c. by the addition of plij^siological saline solution, 
and each is immediately injected below the skin of a guinea-pig. If 
O’l O.C. of a scrum completely neutralises the 10 lethal dos(!S of toxin, 
the seruni retains its name of normal serum ; in tlie case where O’Oo c.c. 
is sufficient to bring about the same result the serum is design.'ited 
double normal serum. When 0001 c.c. gives tlie same results, a 
hundred times normal seiaim, and so on. A cid)ic centimetre of 
normal serum (that is to say a dose cap<'d)le of neutralising 100 lethal 
doses of standard toxin) constitutes an “immunising unit” (Immuni- 
sirungseinheit (i.E.) of Ehrlich). As it was soon recognised that toxins, 
even when kept under the best conditions, lose more or less ofthcii- 
toxic power, Elirlich had to modify his method of standardising 
serum. lie now makes use of si standard antidiphthei’ia serum, kept 
in a dry condition, which is much moi’e constant than are the toxins. 
Solutions of this standard sei'um are prepared and compared with 
the serum whose strength has to be determined. Ehrlich has given a 
detailed description of the method of procedure required to obtain 
exact results. 

At the Pasteur Institute Ehrlfch’s method has been adopted, 
supplemented however by another test for the estimation of the 
strength of antidiphthei-ia serums, a method allied to von Behring's 
old metimd, Varicnis doses of the serum to be examined are injected 
subcutaneously into guinea-pigs, and 24 hours later these guinea-pigs 

• 

^ Deutsche uied. Wckuschr., Leipzig, 1893, B. 390. 

- Elirlieli, Kossei u. Wasi^ermami, Deutsche med. Wchnschi\^ Leipzig, 1S94, S. 353; 
Klin. Jahi b.y Berlin, 1S97, JL>d. vi. 
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receive a quantity of a living culture of diphtheria bacilli which kills [ 520 ] 
control animals in 30 hours. The protective power of the serum 
in relation to the weight of the animal is thus deteianined. For 
example, a serum whicli is said to be active at 1/10(^,000 lias the 
power, in a quantity equal to l/100,00()th of the weigld of t!ic 
inoculated guinea pig, of preventing a fatal result. It was thought, 
at first, that tlie protective power, measured in this Avay, would 
be proportional to the antitoxic property determined according to 
Ehrlich's method. But as the results given by thesc*t\vo methods 
were often widely different, it was resolved at the l\isteur institute 
to examine by both methods all the serums intended for nse in 
practice. This led to the conehision formulated by Itoux^ in his 
report communicated to the Interuatitmal Congi*c8S of llygiene, held 
at Paris in 1900, that a serum possessing a very high jyrotective 
power (against the living diphtheria bacillus) might be only feebly 
antitoxic, and vim mvsd. 

This result is explained by the fact tliat the antiiliplitlieria serums 
arc very complex fluids, containing several super|)osed ])ropertics 
of very variable strength. ]\Iarx-\ of the Frafikfort-on-Alaiu Institute, 
tried to shake Iloux's conclusions, bringing forward his experiments 
made on guinea-pigs and rabbits injected with antidiplitheria serum 
into the peritoneal cavity and into the veiris. He wislied in tins way 
to avoid tlie introduction of the scrum into the sidjciitaueous tissues, 
whence the aljsorption of the antitoxin must take j>la(*c in a very 
irregular liish ion. In Maivx’s experiments, thus eanied out, the 
protective power of the scrums was always found to run parallel with 
their antitoxic power, from Avhicli he coJicIudcd that Itonx's view 
was incorrect. It nuist not bo forgotten, however, that tliis view 
Avas founded on exi)erimcnts in which the antitoxin liad lieeu 
injected into the subcutaneous tissue before or simultaneously with 
the toxin or the di])htliciia bacillus. Under tliese conditions the. 
protective power is often found to be altogetlier dis])roj)oi tionate to 
the antitoxic power. This fact has been observed so earerully and wath 
such exactness tliat it is impossible to deny it. Xow it is undoubted 
that the conditions of the experiments upon whicli lioiix relics 
correspond much more closely with those that are i-ealiscd in 
vaccination of man against diphtheria tlian with tlie conditions met 
with in Marx's experiments. In these vacci'aatious antidijihthcria 

^ Onnpt. rend. X Con/jr, interna L et de dldnogr..^ Paris, IfiOf). 

^ Ztschr, d, Ilyo-, Lcie/Jg-, lyoi, Bd. xxxviu, 8. 372. 
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[ 521 ] serum is injected below the skin of pe)*sons whom it is wished to 
protect against tlie action of the diphtheria bacillus. 

With the object of bringing about a iinificution of the methods 
of estimating serums usrvl in different countries the International 
Congress of Hygiene, held at Madrid in 1898, appointed a special 
Commission to settle this problem. But when tlie Congress met 
again at Paris in 1900 this Commission had not completed the task 
allotted to it The representatives of tlie various methods had 
exchanged ideas, but in applying the same method the results 
obtained in various [)laees and by various observer's presented 
diJlerences too great to allow of any understanding being arrived at 
It is evident that we liave here a very complicated })roblem. The 
serums arc tested on living animals in which of course nothing like 
the constancy of a clieinical reaction can be obtained, 

T\)ssibl} the methods of breeding and the races of the same 
animals in tlie different countries may be (luite suMieient to explain 
the divergencies in the results obtained. Whatever may be the 
reason the unification of serum estimation has not yet been obtained, 
and it is diilieult to anticipate that any better j-esult is to be ar- 
rived at. 

From all this we may draw tlu^ conclusion that the possibility 
of attaining a too rigorous precision in tiie standardisation of serum 
lias l)cen exagg(‘ratcd. Our object must be to ol>tain j*esults as 
favourable as possible in the application of tlie antidiphthcria serums, 
and for that purjiose it is necessary to inject greater (piantities tlian 
those wliich may be indicated by any method of estimation. This rule 
is applied as far as is }>ossU)lc at the Pasteur Institute, 

As I'egai’ds vacciiiatiou against diphtheria of yiersons who are in 
good liealth but are especially exposeil to infection, the question 
must bo accepted as settled in the affirmative. 

From the coinmencement of our attempt to cure dijditheria by 
means of a sjiecific serum, the necessity was seen of jirotecting 
children who were in contact with the sick persons against this 
disease. Small quantities of serum wore injected into such eliildren 
for protective purposes. The first results communicated in 1894 by 
Boux to the Congress at Budapest being very encouraging, an attempt 
was made to give the greatest possible extension to the system of 
vaccination by antidiiihtheria scrum. In the following year, 1895, fairly 
j 522 ] numerous statistics kad been collected, and Torday^ at Budapest, 
^ 1 Deutsche meet JVc/insc/ir,, Leipzig, 1895, S. 40S. 
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KurlliMit Bvcinei), and llubenj^-at (Jelsenkirchen ^vcrcable toi)ublish 
a iiuinber of favourablo statistics. Soon afterwards, l)owcver, a bital 
case occurred iu tlie family of a well-known Ik'rlin doctor, Lan^erlians'^, 
an accident tliat started a violent controversy and stirred u|> an active 
campaign against serum. Langerhanss son, a boy agetl 2 years, in 
good health, was inoculated with a small dose ( l''2c.c. ol’ this serum) 
and siicciiinbed aliout K quarter of an hour afterwards with symptoms 
of suffocation. The post-mortem examination made by StrMs>niau^ 
showed the cause of death to l)e suffocation in consequence of the 
aspiration of food into the respiratory ])assag'es during* the act of 
vomiting. An e:iamiiuiticti of the scrum used by Langerl)ans did 
not rcAcal any toxic action on aiiynals or any ciintamiiiation In 
micro-organisms. All to no ]uirpv)se, the scrum was held answertdde 
for tlie death of the child, and an attem]»t was made to (U^inonstrate 
at almost any cost that its use in human praetic-e was extremely dan- 
gerous. GottvStein ’ joined in chorus with the over-exeited o|)iiiion and 
pnblislicd a denunciation of vaccinations by antidijditheria serum, lie 
collected from the literature of both hemispheres four cases, in all, 
iji uliich death had occurrcid some time after the injection of this 
scrum into children not sutfering from diphthei’ia. A j)enisal of the 
description of these cases is sullicieut to convince one that tlie death 
could iu no sense be attiibuted to the serum, and that it could be 
ex])lained much more easily by the fatal action of the str(‘|)tococcus, 
the cause of the uon-diphtljcritic idfections of the cliildreu that 
4lied. 

The in(‘])titude of tliis denunciation must liavc done much to calm 
jmblic opinion, and in September of the same yeai', 1{{1)(J, C. Friinker', 
in a rciiort presented to the German Association of Public Hygiene, 
was able to give a review of the state of the question of vaccination 
against diphtlieria, summing up iu favour of the use of the specific 
serum. “Taking into consideration tlie data collected,'' he remarks, 
“it is scarcely possible to doubt fjio value of immunisation l>y serum, 
so that we may say ]iositively that we are now treading a path which 
will lead ns to great and important results.' This very favourable 

^ Dentsrhe mtul. Wrlnu^rJir., i.eipy.ig, 1805, 8S. .r20, 145, 404. 

Dentsclip med, ]Vchmchr,^ Leipzig, 1805, S. 758. 

^ BerL klin. Wchimdir.^ 1800, 8. 602. . 

4 BcrL Min. Wchn^chr., 1800, S. 510. 

Therap. MonaUh.., Jk^rliii, 1890, 8. 200. 

** Beutsche Vrtljiichr.J\ off- Gsndhfapjtg., Bnisehwg., JS97, BcL xviv, /loft 1. 
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opinion was dne in great measui-e to tlie vaccinations carried out in 
the wards of Heubner’s Clinic at Berlin ^ At first, injection of the 
antidii)htheria serum as a protective into patients avIio were found 
in the immediate vicinity, of the children attacked with diphtheria 
(contacts) was deemed to be sufficient; but in consc<pience of the 
results obtained by this method it was decided (starting from January, 
18!)G) to inject all cliildren who came into tluvhospital. During the 
first period there still occurred a few cases of di[»]itheria contracted 
in hospital, Intt from the nHnnent sjstematic and general vaccinations 
Avere introduced not a sitigle new case occurred. 

The immune condition of the vaccinated children is maintained 
for three to four weeks. After this lapse of time some of them 
contracted diphtheria. But it Avas sufficient to introduce revacci- 
nation at the end of this ]>eriod to prevent the outbreak of any 
further case of dii>htheria in Heubner's Avards. Results quite as 
favourable and as convincing Averc obtained in the department for 
chihiren attacked by sca)'let fe\'er. 

The amount of serum injected varic.'il, but it Avas usually given in 
doses of 1 e.e. containing from 20(t to 2r)t) i.k. (iminunising units of 
Ehrlich). The serum was always found to be innocuous exeeiit in 
certain cases Avherc it set uj) evythemat:i of greater* or less e.xteusion. 
In 4G() injections ‘20 cases of these e.\antheniata were produced, that 
is to say t'lM The freipieucy of those (romplications Avas not pi-o- 
jiortional to the amount of serum injected. According to the figures 
communicated by Liihr the largest doses of the serum enijJoyed 
did not ]troducc exanthemata more frerjuently than did tire smaller 
quantities. Thus 117 injections of Ic.c. only Averc followed in five 
cases by these erythemata, which corresponds to 4‘27 per cent. Hie 
Jiojre of diminishing the frequency of the exanthemata by diminishing 
the amount of serum injected Avas therefore not realised. This 
fact lends support to the conclusion idioyc formulated as to the 
exaggei’iition of the importance of the measurement of serum. If it 
coidd be established that small quantities of serum rich in antitoxin 
caused cutaneous eriqitions less frequently tliau did stronger doses 
[524] there aa^ouIiI certainly be a great advantage in using serums containing 
a very large number of immunising units for vaccination. Perhaps 
scrums having a great antimicrobial jiower but of comparativ’cly 
loAV antitoxic potency •might even render great service in protective 


^ Seo the report by Lohr in Jahrh.f. Kinderh., Leipzig, Istlti, Bd. xuii, iS. U7. 
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treatment. Future researclics undertaken in tliis direction alone can 
give us information on tliis suliject. 

In 1890 the vaccinations in Heubners wards were discontinued, 
but the reappearance of diplitheria in Idb/^ rendered their rccum- 
uiencement necessary. 500 children were vaccinated eacli with i^OO 
immunising units. Following this no case of diphtheria broke out. 
The eru])tions were nlre and slight. 

The increasing extension of the iiseof autidi[)htherijv^erum for the 
cure of the dist^ase after it has broken out has led to a greater de- 
velopment in its use as a preventive measure. Thus, in the countries 
where diphtheria Is endeinfc, vaccinations by serum are now^ practised 
very extcjisively. In Russia, wiiich is^one of the great hotbeds of this 
disease, vaccinations by antidi])htheria serum are frequently practised. 

At the (A ingress of Russian doctors at Kasan in 189(), A'issotsky 
communicated the result of 2,185 vaccinations which gave a morbidity 
of 1*8 ; , a morbidity that must be regarded as very low indeed. 
A well-known Russian [ihysician for children s «liseases, Rauchfuss-, 
Avho cites these ligures, has colle(*ted several other facts concerning 
the jirophylactic injections of antidiphtheria serum followed by good 
results. In tlic goAcrnment of Woronetz, according to the state- 
ments of Ouspenskv'^, out of 788 vaccinated iiersons diiditlieria 
occurred in 2*2 ]>er cent., whicli again may be considered a favourable 
residt, es|)ecially if we take into account the great extension of 
diphtheria in this country. In Rodolia, out of 587 children vacci- 
nated in 1895, only four cases of diphtheria occiured, a morbidity 
of 0*7 1 /'o’ the government of Kherson, one of the grixit centres 
of diphtheria in southern Russia, the results a[)pear to be less 
favourable: out of 548 children whicli received a protective inocu- 
lation, 21 contracted the disease (or I'O pei* cent.), of which five died. 
If we study these statistics more closely^ it will be seen tiiat, these 
results are far from being unfavouraiile. The jirotective inoculations 
Avere made only once and Avith somcAvlmt small doses, nevertheless 
many of the cases of <liphtheria broke out only at a late perio<l, some- 
times more than nine months after the injections liad beim made. 
Noav, it is [iroved that these injections, although very eflicaciuus, 

* Sqc ^hiwyk., mr(7. Wchnschr.^ Leipzig, ISyS, 8. 

“ *‘Les progres d.-uis Tapplicatiou du serum antidiphtlieriipie/' St I^He^^sb()urg, 
189 S, p. 105 'ill Russian). 

s Vrarh, St Fetersbourg, 1900, p. 1178 (in Russian). 

^ Chron. inM. d. goiirern, de Kherson^ 1896, No. 5, p. 160 (in lUissian;. 
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produce tlieir action for a very short time only, for a fen' weeks at 
most. Of the five fatal cases, four did not occur until 2, 4| , 6, and 
9^ months respectively after tlic protective inocidation. It is im- 
possible to look upon these statistics as aifording proof of the 
iuefficacy of the scrum. The fifth case is the only one that occurred 
witliin a short time (15 «lays) of the injection, and in this instance 
only ] 50 immunising units had been injected. 

A detailed^ study of tlie other examples of .antidiphtheria inocu- 
lations in the government of Kherson leaves a very t:ivoural)le im- 
])ression. Out of 90 children inocidatcd by Weeker^ in the district 
of Elisabetgrad not a single one contracted diphtheria, which is the 
more remarkable as at the timo of tlie inoculations there existed in 
the same fiimilies 14 cases of diphtheria; the chances of contamination 
were thus great. 

lleccntly, <jn the occasion of the outbreak of a great epidemic in 
PiU’is, the (jucstion of vaccinations by serum was again raised and 
earnestly fliseusscd at the Paris Hospitals Medical Society and at the 
Society for the Stiuly of Children’s Diseases. Voisin and Cuinon- 
communicated the history of an epidemic amongst the stalf at the 
Salijctriere IIo.spita1 in the wards of idiot children, 'Cagainst which 
protective serum treatment wsis remarkably elfective and {ib.solutcly 
imiocuou.s.” 'I'he serum was injected, in the case of cliildren more 
than 19 years of age, in 19c.c. doses, and into the rest in 9 c.c. doses. 
This measure brought .about fii-st an abatement and then cessation 
of the epidemic. The immunity after a single injection lasted from 
two to three weeks, and the few c.ases of diplithcria which broke out 
amongst the infected children were distinguished by their great 
mildness. Erythemata and other post-injection complications were 
insignificant, so that the protective use of the serutn was fully 
justified. Only a small minority of tlie medical men wlio took part 
in the discussion spoke against the antiiliphthcria vaccinations ; 
once, indeed, a reference was made’to the c<ase of liaugerhans’s child, 
although its death was certainly not due to the serum. It is true 
that in families where it is iiossible to keep the children under 
careful observation and to intervene at the appearance of the first 
[52(3] symptoms of diphtheria, the preventive injections may be di.spensed 
with, but in practice Ijiese favourable conditions are rarely realised. 


] Chron. nml. d. gouvern. de, Kherson, 1S96, No. 19, p. 743. 
Bull, et mini. Hoc, mid. des Hop. de Haris, 1901, p. 5S5. 
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and the prophylactic serum treatment is then of great service iii 
preventing the outbreak of the disease. 

Xetter^ communicated to the Society of Peilia tries a summary 
of :52,484 observations on the proi)liylactic Injection of antidiphtlioria 
serum. Of tliis uundjcr 192 cases were noted in vvhicli the di[4it1ieria 
broke out in spite of the injections, corresponding to 0 () per (*ent. 
of tliose treated. Thc^e figures, however, included all cases of the 
disease which occurred up to thirty days after the injection. Now, 
the immunity is often less durable tlian this, and it may disap] >ear 
more or less completely twenty <lays and sometimes even fifteen days 
after vaccination.^ * 

Xetter himself made great \isi\ of antidiphtheria vaccination. 
It was his custom to propose to the parents either a jirotective 
inoculation at once or a systematic precautionary liacteriological 
exjunination of the throats of the cltildren not yet attacked. He 
regards the first method as preferable. According to the latest 
statistics which he w?is kind eiiougli to communicate to me, of 
lo2 children (in 50 families), 91 of whom received protective inocu- 
lations, not one contracted diphtheria : whilst in 289 other tamilies 
where the children had not been inoculated there were 52 (‘ases of 
diplitheria, with 10 deaths. Many [iractitionc^rs in Paris have now 
pronounced themselves in favour of protective injections of the serum, 
and the Society of Pediatrics, at its meeting on 1 Ith June, 1901, 
concluded the discussion of this question by iiroposing the following 
resolution: ‘^The Society of Pediatrics, allirming that prote(divc 
inoculations present no serious danger and confer a very considerable 
amount of immunity for some weeks, recommend their use when 
children are gathered together in numbers, and in families where 
a scientific supervision cannot bo maintained,^’' 

The large amount of evidence collected on this question leaves no 
doubt as to the real effioacy of vaccinations l)y antidiphtheria setaim. 

The summary of the results obtained by vaccination in the 
12 diseases of man and of animals I have just placed before my 
readers cannot pretend to serve as a detailed guide to propliylactic 
practice. My object has been merely to concentrate into one chapter 
the principal data upon which this very imi)ortant question rests, to 
bear witness to the progress Avhich has already been realised, and at 
the same time to show that the scientific study of immunity is in 

^ Bull. Soc. d, Pediatr, dc Paris^ 1901, mai ct juiii. 
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Tory intimate relation with its practical application. It is eyident 
that the load is far from traversed to its terminus, for there are 
many infective diseases in which vaccinations cannot be employed, 
but it is none the less certain that the path winch has led to so 
many irnjiortant and useful results should still be followed in studjdng 
proldems which up to the jiresent we have been unable to solve. 



CHAPTER XVI 
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HISTORICAL SR'OTCH OF OUR KNO\\H.EDGE 
ON IMMUNITY 


Methods used by ajivage races for vaccination a^^ainst snake venom and against 
bovine pleuropneumonia. — Ybiriolisation and vaccination against small-pox. — 
I)i.scnvory of the attenuation of viruses and of vaccinations with attemiatcd 
micro-organ isms. — I'heory of the exiianstion of the medium as a cause of 
acquired immunity. — Theory of .substances wliich prevent the multiplication 
of micro-organisms in the refractory body. — Local theory of immunity. — Theory 
of the adaptation of the ladls of the imiuunisoil organism. 

Observations on the presence of micro-organisms in tlie white corjmseles. — History 
of phagocytosis and of the theory of phagocytes. — Numerous attacks upon tiiis 
th<N)ry,— Tiieory of llie bactericidal property of the body tluids. — Theory of the 
antitoxic power of the body fluids. — Extra(5ellular destruction of micro- 
organisms. — Analogy betwetm bacteriolysis and baomoIyMis. — Tlieory of side- 
chains. 

Trogress of tlm tlieory of phagocytes. — Attempts to reconcile it with the humoral 
theory. — Present plia.se of the question of immunity. 

As protection against disease is one of the most important amongst 
those questions Avhicli arc engrossing the attention of humanity, it is 
natural tliat very great attention should liave been <levoted to it 
from the most remote times. We sec primitive races, the ordinary 
layman, medical men, legislators and even tlie most subtle tliinkers 
devoting their energies to the solution of tlic problem of immunity 
against poisoning and against infections. Historical seienee will 
never reveal to us the earliest sources of our knowledge on this 
question, so remote are their origins. The wide distribution of 
several methods for protecting man and cattle ifgainst certain di.'-i ases 
clearly proves tliat the origin of this practice lialcs from a very early 
period. 

The frequency of venomous snakes in many countries lias ins])ired 
a dread of these reptiles, and this must have led to tiie ^carcii for 
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some method of figliting against the poisoning after the patient 
had been bitten. Thus, ^^e find that many primitive races make use 
of various methods of immunising the body against the action of 
.9] vaaiom. The Portuguese colonel, Serpa Pinto’, in a letter addressed to 
d'Abbadie, describes tlie method by whicli lie was vaccinated by the 
Yatiias, natives of tlie east coast of Africa. These savages extract 
the poison of snakes and prepare from it, by tlAi addition of vegetable 
substances, a very brown glutinous paste which they introduce into 
incisions made in the skin. This operation is very painful and is 
followed by a swelling which lasts for a whole week. Tlie Vatuas 
assert that tliis method confers a sure immunity a^^ainst the venom, 
Serpa ITnto was never bitten ,by snake, but, a short time after 
he had liecn vaccinated, he was stung, in the Seychelles Islands, liy 
a scorjiion vithout experiencing any ill elfects. This experience 
conlirms the assertion of the VTituas, because it has been shown that 
the vaccine against snake venom is also efiicacioiis against the bite 
of scorpions. The fact that after being stung by another scorpion 
ten years later Ser[)a Pinto was so ill tliat for ciglit days lie believed 
that he was going to die or at least to lose an arm, shows that he did 
not enjoy natund iniiniinity, and the iinuicuousness of tlie previous 
bitt^ must therefore ho attributed to a vaccination the efieet of which 
had disaiipeared at the end of ten years. 

Another vaccinal method used by primitive races is that against the 
pleuropneumonia of the Povidae. De Kocliebruiie- points out that 
the Moors and the Pools of Senegambia have custom whose 
origin is lost in the obscurity of anticpiity which consists in the 
inocnlatioii into tlicir herds of cattle of the virus of the epizootic 
])lcuropneumonia, “The point of a knire of primitive form, oi* of 

a dagger, is plunged into the lung of an animal that has died from 

the disease and an incision, sufiicient to allow the virus to penetrate 
below the skin of tlie healthy animal, is iiKidc into the supranasal 
region. Experience has (lemoiistraled the success of this protective 
operation.” 

In Europe, the vaccinations of cattle witli the virus of pleuro- 
pneumonia have certaiidy been knoAvn for more than a century, for, 
in a pamphlet published at Berne in 1773^ mention is made of the 

^^inoculation ' of Bovidae as a means of preventing the disease in 

« 

1 Compt. rend. Acad, d, sc., Paris, 1896, t, oxxii, j), 441. 

“ Oompt. rend, Acad. d. sc., Paris, 188/>, t. o, p. 659. 

3 This ps.nii)hlet has been reprinted in the Bee. de med. vet., Paris, 1886, p. 624. 
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England anil in Holland, a disease against wliicli it has been 
recognised that remedies are powerless. 

The inoculation of the variolous virus into the healthy human [ 
subject, which comes into the same category as the inoculation of the 
pleuropneumonic virus into liealthy bovine animals, is also a widely 
extended anil very ancient method. The Chinese^ assert that they 
liave known from the ci)mmenccment of the 11th centiny the method 
of immunising against small pox. Amongst them, as amongist the 
Siamese, the matter from the variolous scab is introiluceil into the 
nostrils. In Persia variolisation is pi*actised by surgeons and by the 
staffs of bathing ^istablishinents, who introduce the powdered scabs 
into sciatches in the skin. The Ashantis inoculate the variolous virus 
into seven jilaccs on tlie arms and legs. According to the account 
of Tiinoni, a Oreelc physician practising in Constantinople in the first 
half of the HUh century, the Circassians and Georgians, intent upim 
])i*cserving the beauty of their daughters, make punctures at various 
points in the skin, with needles charged with variolous virus. Every- 
body is acipiainted with the fact that it was from Constantinople 
tliat l^ady ]\Iary Wortley Montague at the saine period (1721), im- 
ported into Europe ‘Hhc (Jreek method,” which consisted in the 
inoculation of the contents of small pox pustules with the object of 
producing a benign small pox and of protecting the vaccinated 
person from severe and dangerous small pox. This jrractico was 
widesirread in Europe during tlie second half of the IMth century, 
but as it was not unattended by serious drawbacks an attemi)t \vas 
made to avoid them by the employment of all kinds of medica- 
ments. As these, however, were found to be entirely ineffective, the 
need Avas felt of replacing variolisation by some more benign nietliod. 

It is asserted" that in Balucldstan the custom of having cows 
sulfering from cow-pox milked by children who had wormds on their 
haijds has been widespread from time immemorial. This practice 
conferred upon these children an immunity against small-j)ox. It 
cannot be denied that the idea of being able to vaccinate with cow- 
pox was common knowledge amongst breeders and dairymen in several 
countries in Europe, especially in England, France, and Germany. 
It is stated that Edward Jenner learnt from the country people of 
Ids native county of Gloucestershire that contact with cow^-pox 
1 Barthels, “Die Medicin der Naturvolker,*^ Leipzig, 1893, 8. 128; Pagel, “Ein- 
fiihruiig in die Geschichte dcr Medicin,’' Berlin, 1898, S. ;;13. 

Hiiser, “Lehrbuch der Geschichte dor Medicin, ’ 3to Anil , Joua, J88J, Bd. ir. 

S. 1075. 
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[d-otected against small-pox. Being a man of great nnderstaiicling and 
culture, he set himself to verify tliis opinion experimentally. Having 
d ] demonstrated by a great number of experiments tliat the inoculation of 
variolous virus into persons vaccinated by coAV-pox had no ill result, 
be Itecame the great propagandist of tlie new method. He Avorked 
at this subject for 20 ycai-s init only decided to publish his results (in 
1/00) after he had com[)letely satisfied himsiilf of the great utility 
of vaccination with the virus of cow-]iox. At first .Tenner’s discovery 
met with great o])position, but his method was soon verified in 
France and several otlier countries and it was not long before it was 
genei'ally practised. • • 

When Pasteur set himself* to study the infective diseases in 
their relation to micro-organisms the idea of profiting by the 
discovery of these pathogenic organisms and of drawing from them 
a wea])on agixinst infections soon ai'ose in his mind. He studied 
.Jenner’s xvork in order to extract from it any indications capalde 
of [mtting him into the right path. He induced his col lal (orators 
to carry out several series of experiments with the object of immu- 
nising the animal organism against infective micro-organisms. During 
this laborious and original work chance’ helped in the accom- 
plishment of his tiisk. When, at the conclusion of the iiolidays in 
tlie autumn of lii/h, Pasteur and his collaborators Chamberland and 
Iloux Avished to resume their cxjxeriinents on fowl cholera, they 
found to their great sur|)rise that tiie micro-organisms of tliis disease, 
usually so fatal, had become innocuous. Fowls, that icceivcd doses 
of cultures much more than .sullicient to cause death, did not 
experience any ill elfect. Prepared by his previous knowdedge and 
by the continual direction of his thoughts to the prevention 
of contagious disea-ses, Pasteur divined at ojice the great 
bearing of this check in his inoculations Avith old cultures, and 
immediately began to make luecise experiments as to the 
vaccinating [(ower of these micr'j-organisms Avhicli Iiad beewne 
innocuous. These reseaiches led him to the discovery of tAvo great 
principles : that of the attenuation of viiaises, and that of the 
vaccinating pi'o|)erty of attenuated micio-organisins. A%‘ious me- 
moirs by Pasteur- established these laAVS in a very exact mamie>' ; 
moreover he gave all the information necessary to allow of the 

1 See Vallery-lladot, “ka Vio do Pasteur,” Pari.s, 1000, p. 127. 

“ Go-mpl. rend. Acad. d. «c., Paris, 18S0, t. xo, pp. OllO, 052, 1030 ; t. .vcr, pp. 571, 
673. 
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principal results being controlled and verified. In France, this great 
discovery was at once accepted by various investigators, though 
others found occasion to nuinifest their scepticism. Aliroad this [5^2] 
discovery met with very lively oj^position a,nd this from the highest 
authorities, who would not recognise the possibility either of attenuat- 
iiig tlie virus or of conferring immunity npoii animals. The anthrax 
bacillus can be grown Iqr a very long time on culture media, tlie ptuato, 
for examjile, witliout losing its pathogenic power in the slightest 
degree. Tliercfore, it Avas said, this attenuation of viiuR can have no 
actual existence. White rats that have resisted one or more inocu- 
lations of tlie autUrax bacillus may die from a later inoculation of the 
same micro-organism. Tlierefore there is no acquired immunity, etc. 

The }>rinciples laid down by I^istcur’arc fi’cm every point of view of 
such ])rime imjiortaiice, tliat very numerous ex])crimciits Averc carried 
out at ouc(j for the purjAose of verifying their exactness and the 
contest Avas not a long one. In the course of ii few years it Avas 
universally recognised that the attenuation of viruses, and also the 
vaccination by attenuated micro-orgauisms, Avere realities wdiich 
lienceTurth cannot be denied and Avhicli must i>ass into the domaiu of 
trutlis detinitely acquired. An attempt Avas then made to extend these 
fresh viciories to the other infective diseases. Ihisteur, Chamberland, 
and Itoux a])])lic(l tliemsclves to devising a method of vaccinating ani- 
mals against anthrax and against rabic virus ; Pasteur and Tluiillier 
extended their researches on this subject to swine erysipelas. 
From several other quarters the searcli for vaccines Avas instituted. 
Toussaint made various attemjits, at times crowned witli success, to 
immunise animals against anthrax by means of heated anthrax blood. 
Arloing, Cornevin, and Thomas succcedecl in vaccinating the Bovidae 
against symptomatic antlirax. liOefflcr was the first in (icnnany to 
demonstrate that rabbits Avhicli had recovered from tlio disease set 
up, by the bacillus of, mouse septicaemia acquired an immunity 
against the attacks of tliis organism. It is not necessary to cite 
further examples, so numerous have they become and so unanimously 
confirmatory. 

After the first steps had been taken along tliis new ])ath Pasteur 
and his collal)()rators began to apply tlie knoAvlcdge they had gained 
to the preparation of vaccines capable of giving practical results. 

The two auti-anthrax vaccines and the tAv.o >vaccincs against swine 
erysipelas Avere the fruit of these attempts. Here, again, minKU’ous 
objections were raised against these discoveries, Shet‘p Avliich had 
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:}:i] received enormous (quantities of the bacillus may die; from antlirax in 
spite of the two Pasteurian vaccines and from that it was wished to 
conclude that these vaccines should not be employed in qn-aetice to 
j)rotect shoe]) against the anthrax fever. The results of ex|)eriments 
made on a large scale in various [tarts of the globe have demonstrated 
the iniide(|naey of these oltjections and these questions are now 
regarded as definitely scdtled. ^ 

So large a number of investigations, in response to the most urgent 
and immediate Jieeds, was not favourable to minute researches on the 
mechanism of this immunity wliich had been revealed in so marvellous 
a fashion. In spite of this, Pasteur ajtplied himscjlf to the solution 
of this [troblem so far as tliis was [tossible under the conditions in 
which lui carried on his investigations. He thought tiia.t aecquired 
immunity was the result of the impossibility of the growth of a 
pathogenic micro-organism in a medinin in which ii had previously 
been (•ultivated. When the micro-organism of fowl cholera sets u[> in 
certain individuals a disease which though grave is not fatal, or 
when the attenuated micro-organism [)rodnces a sinqde, transient 
discomfort, it lives in l)oth cases in the fluids and tissues of the 
animal. This existence is possible in eonsetpu'nce of the jd)sorption 
of certain nutrient substances. Once these sul)s!aiu;cs arc consumed 
they are not easily renewed, and in conseqnenct; the vaccinated 
organism becotnes incapable i^f nonrishing the sjK'cial micro-organism 
a second or a third time. To sn]»port this Iwilliant iiy[)othesis by 
precise! fa(!ts Pasteur made cx]K‘rimcnts on the conditions met with 
in the development of the micro-organism of fowl cholera, in vllro. 
lie idtered a broth culture of this micro-organism alter it had grown 
luxuriantly for several days, and into tlie fluid, which Inui now 
become clear and trans|)arcnt, he sowed afresh the same micro- 
organism. No growth took [dace and tlie fluid remained quite clear. 
This absence of dcveloiunerit might bo (explained either by the 
j)resence in the fluid of some excremeutal sul)stanee thrown off 
during the first culture or by the absence of some sidastance indis- 
pensable for the nutrition of the micro-organism. Pasteui- excluded 
the first hy[)othcsis by an experiment which demonstrated that it 
is sufficient to add to th(* filtered fluid a small (piantity of fresh 
nutritive substaiices to enable the micro-organism again to develoj) 
abundantly. It is therefore to the absence of some element essential 
to the existence of tbe micro-organism that we must attribute tlie 
immunity enjoyed by animals which have been vaccinated or which 
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])uve uiiclergoiie spontaneous cure, Tl)is is how Pasteur^ expressed 
himself on this point: “the muscle which has been much affected [534] 
has, even after liealing and repair, become in some way incapable 
of supporting the groAvth of the micro-organism, as if the latter, by 
a pi-evious culture, had eliminated from the muscle some principle 
that life does not bring back and whose absence i)revents the 
<levelopment of the s|nall organism. There is no doubt that this 
explanation, to which the plainest facts at the moment lead us, will 
become general and applicable to all the virulent dinkeases.’' 

Tliis ex})lanation a])peared to be a reasonable one to s(‘veral 
observers, amongst wliom 1 may cite Chaiiveau^, the distinguislied 
author of important works on viruses. “In all probability tins 
seductive theory,” says (diauveau, “ Oased on one of the most inter- 
esting of those clear and decisive experiments for which I^isteur is 
famous, appliCvS to the majority of cases of immunity aerjuired by 
jH’otective inoculation,” But Chauveau thinks that it does not 
explain natural immunity, especially that of the Algerian sheep, 
against anthrax, an example that he had studied on several occasions. 
When he inoculated into these animals large (pianlities of anthrax 
bacilli, not going beyond certain limits, the sheej) resisted [)erfectly ; 
but injections of enormous doses were nearly always caj)al)le of 
overcoming this natural immunity of the Algerian sheep and of 
inducing in them a fatal anthrax, (^hauveau thinks that this fact 
is best explained by the inesence of an iidiibitory snbstanc(‘ in the 
blood jdasma, whose action becomes exliausted when distributed 
over a ^ cry large number of bacilli. Tliis opinion was not, however, 
>shared by lAisteur'^, Avho raises the objection tliat natural immunity 
can really be produced and maintained witliout the presence of this 
inhibitory substance from the tact that fowls, which exhibit such 
marked resistance against anllirax, readily contract the disease when 
the temi)erature of their bodies is lowered. Under these conditions 
it is unimaginable that an inhibitory substance has disa[»[>cared under 
the influence of cold. 

The controversy existent from the l)irth of theories on immunity 
shows us tliat fiom the very commeuccmcnt the iiroblern was found 
to be a very complex one, and that to attack it in a satisfactory way 
we must as far as possible multijily and deepen our study of the 
phenomena which accompany the resistance- of tlie animal against 

^ CotnpL rend. Acad. d. sc.. Paris, 1880, t. xc, p. ‘217. 

^ Oonipt. rend Acad. d. .sc., Paris, 18S0, t. xo, p. ir)2(J. 

^ ConipL rend. Acad, d, sc., Paris, J8S0, t. xur, p. 530. 
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])athogenic micro-orgaiii^nis. Tims, CbaMveiiu^ was not long before 
[535] lie undertook experiments liaving for their object the determination 
of the fate of anthrax bacilli when injected into the blood vessels of 
Algx'iian sheep. lie found that tliese organisms disappeared from 
the blood at tlic end of a%w hours, but they were then to be found 
accumulated in the lung, spleen, and certain other viscera. In these 
])Ositions the liacilli liecome incapalile of reproducing themselves and 
in refractory individuals soon ilisappear, being* op] loscd by the inhibi- 
tory substancQ 3 of the blood plasma. 

The two theories just sketched have this jioint in common, that 
tliey both attribute the natural or acapiired immunity to humoral 
and purely pti^sive projierties. Accoi’diifg to one theory it is the 
impoverisliment of tlie Hiiids Hif the animals Avhich prevents the 
development of tlie pathogenic organism, whilst according to tlie 
otlicr it is the iirescMce of some bacterial poison wliicli brings about 
the Sana* result. To give expeilmeutal su[)|>ort to his theory Pasteur 
brouglit forward his attcMupts at sowing micro-organisms in culture 
media exhausted by a previous development of the same organism, 
eliminating, so to say, the active inihienco oi’ tiic animal organism. 
It is true that, in order to explain natural immunity, it was necessary 
to ascribe a role to the •‘constitution” and to the ‘'vital resistance,” 
interpreting this, as Macgeli had already ilone, in the sense of a 
competition for the oxygen and the nutritive sulistanees between the 
parasites and tlic cells of tlie body. 

Adoiiting tliis point of view, Hans Ihichiicr", a {)npil of Xaegeli, 
attcm[)tcd to gain a more precise idea of the conditions under which 
acipiired immunity against infective diseases is set up. He dcvelojied 
his theory in various publicatious ; this theory consists, briefly, in tlie 
property of tlie animal organism to reinforce the local resistance of the 
organs by means of ;in inllaiuniatory reactio]). The starting-point of 
this local tiicory is the thesis that each pathogenic micro-organism 
can only manifest its pathogenic action when it enters the jiarticular 
organ in which it is capable of living and maintaining itself. Thus, 
the pnenmonoeoccus can live in the lungs only, the cholera vibrio in 
the intestines only, and so on. Every time that a iiathogenic micro- 
oi’gaiiism becomes localised in its special organ, an inflammatory 
action is set iiii wliicli results in the reinforcement of the living 
• 

1 CompL rend Arad. Paris:, iSvSO, t. xci, p. 6S0. 

“ ‘M)ie ^’aogoii'hclio Thc'oriotl I niecaiorKskraiiklieiteii,''’ Leipzig, 1S77; “Eine neuo 
Theorie uViei* Krziel. v. Im muni tilt/ Muiicheii, 18S3. 
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eleineiita of tlie organ in question. Inflaumiation, therefore, is 
regarded by Buchner as a salutary reaction, Avliich acts, not directly [536] 
on the exciting morbific cause, but througli the mediation of tlie 
specific cells of the organs. Tliis theory of •imnninity led Buchner to 
propose arsenical treatment as a remedy against microVtial disease, 
because arsenic is, of all drugs, the one capable of setting u]) the 
greatest innannuatory ^x^action. 

Another German observe)*, Gi*awit/d, pro])OScs a theoi'v of acquii’cd 
immunity, according to which a first attaek of au inteetivc discjaso 
sets up “the adajdatiou of the cells to the power of encjgetie 
assimilatiou of tlm fiiugi.’^ , This reinforced adaptation is transmitted 
to the descendants of the cells wlpeh have acquired it, and iVjr 
that reason the immunity may pei'sist for months, and oven years. 
Grawitz attenqded to base his views on exjiei imeuts ou the acquired 
immunity against the fungus of the lily of tlie valley, but Loefiler" 
soon demonstratod that this tliesis could not bo maintained, and that 
the immunity assumed by Grawitz did not, in reality, exist. 

It will be seen that all the t1icoi‘ies summarised above are maikod 
by their vague character and want of precision ; this is not at all 
astonishing when we take into consideration the very impeircct 
knowledge of the phenomena of immunity, it is evident that if wo 
wish to gain a satisfactory idea of the mechanism of the resistance 
of tlie animal body against jiatliogenic niic?*o~oigaiiisius, we must 
inform ourselves as to the modificatioiivS which take jilacc in the 
organs and tissues at the time of the acquisition of the immunity, 
and also find out what becomes of the micro-organisms in a refractory 
animal. 

We liavc seen tliat Chauveau demonstrated that anthrax liacilli 
when injected into the vessels of Algerian sheep disappear, lint he 
was unable to say anything as to tlie way in which this disaiijicarauce 
was , lirought about hi '»iature. Buchner accepted tlie reinforced 
resistance of inflamed organs without being aide to describe the 
phenomena Avhich manifest tliemselves during the inflammation of 
tissues invaded by tlie pathogenic micro-organisms. 

Independently of these theoretical and i*athcr sjieculative views 
on imnuuiity, there has been an addition to our gciontific assets of 
fairly exact data ou the relation of tertain [lathogenic organisms to 
the organs and tissues of susceptible or refractory animals. When, as 

^ Virchow^ Archiwj 1881, Bd. lxxxtv, S. 87. 

^ Mitth. a. d, k. Gs}id]iisamte, Berlin, 1881, Bd. i, S. 334. 
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[537] a result of the lal)ourH of Davaine and Dbermever, the attention of 
pathologists, especially of those M'orking at i)athological histology, 
was drawn to the part played V)y micro organisms in infective diseases, 
a diligent search Mas instituted for these oi’ganisms in sections of 
the organs of jjei’sons M'ho liad died fioiu various diseases. Masses 
of cocci cspeciallx' were found in the organs of individuals M'ho had 
died from diplitheria, pueriierul fever, and various forms of j)yaemia. 
In the course of tliese investigations attention ^vas dra\vn fairly fre- 
quently to thy-j)re.sencc of micro-organisms inside thcMliite corpuscles 
of ]»ns and of oth(!r morVfid products. Amongst the tiivt to make 
tliis observation I may cite llayem^ in France, and Birch-Hirschfeld-, 
Ivh'bs, Iviminciscii, von liecklingiiansen, and Wa](tc}i'r in Germany. 
Klebs ‘ speaks of the presence o*f micro-organisms in infected M'ounds, 
ill the interior of contractile Miiiti^ coijmscles, and attributes to 
these cidls the iirincijia! role in the trans])ort of these parasites in 
tlie lymphatic tissue. Wahlcyer* cites a case of jmorpcral fever in 
M'hich the corpuscles of the ])eritoneaI pus Merc filled with bacteria. 
Similar observations Mere by no means rare ; and they led to a 
general conclusion that micro-organisms meet Avith such favourable 
condil-ions insiile the leucocytes that they Avould contribute to their 
dissemination through the liody. 1’his ojiinion had become so general 
that when Koch in frogs inocnlatetl M’ith anthrax bacilli, made the 
discovery of round cells containing large numbers of tliese micro- 
organisms lie did not hesitate to conciude that the bacilli found a 
favourable medium in the substance of tliese elements. Kow the 
I'rog, under ordinary comlitions, is refractory to antlirax. 

As early as li)71. however, I’annm'' had given expression to tlic 
vicM', in a vague fashion it is true, that leucocytes might assist in 
the destruction of micro-organisms. In his memoir on [lutrcfactive 
jioisoiis we find a note whereiii occiuvs tlic following reflection : 
[i.iSJ “ h'or the sobition of the ipiestion as to how and in wiiat situations 
tlie ordinary bacteria of putrefaction disaiipear, an interesting com- 
munication made by Bircli-llirschfcld seems to me to lurnish au 

» Omiyd. rend. Sac. da Mol., Paris, JS7(), p. .1J5; Gaz. h,M. de mid., I’aris 1871 
p. 2.91. ’ ’ ’ 

“ Al)strfic‘t ill ScluH idUp' Jit/irlK,, Ticipzig, 1872, lid. CLX, S. 97, 

“ Dcitnl^e ziir }ui,iholo;4iselic Aii;itomie der Schusjswuudeii,” Leipzig*, 1872. 

‘‘ Archir,f. Gt/nacL, licrliii, 1872, Bd. in, 8. 293. 

' Coliirs BeUr. .z. Bink Pfianzen^ Breslnvi, 1879, Jid. n, 8. 300. 

Virchows Arc/iir^ 187-1, I.id. lx, S. 317. 
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indication. According to tliis ol)8crver tlic micrococci, introduced 
into the circulation, are deposited in the lymphatic glands and in 
the spleen, after having, for the most jiart, entered into the blood 
cori>iLscles. That the ordinary bacilli of , putrefaction really die in 
the body is proved, not only by the circumstance that they remain 
inactive after the acute paroxysm of putrid intoxication lias lieeii 
ha|)pily surmounted, [|iut also by the important observations made liy 
Eberth on the innocuousness of the inoculation of ordinary bacteria 
into the cornea.'' Tliese lines contain the indication^ that the cor- 
])uscles of the blood (in tins case undoulitedly leucocytes) ingest 
the bacteria int^i^jduced ip the blood current and destroy them. 

Some years latci*, in lo77, GraAvitz^, in connection uith his 
researches on the parasite of the lily of the vidley, made tlic remark 
that the fungi, Avhen introduced into the blood of mammals, are 
seized by the Avhite corpuscles and thus 'SvithdraAvn from contact 
with the as^imilablc fluid.’' Ganle*' Avho, as we know, sought to 
demonstrate tliat the of the irog’s blood is nothing 

but the fragments of cell nuclei transformed into ‘Wlirmchen/ has 
described the structure of these organisms in the amoeboid cells of 
the spleen. happened on one occasion/’ he writes, “to observe 
an amoebocyte of the sideeii of the frog which in a short time in- 
gested three ‘Wurmclien/ and then went away briskly without leaving 
any trace of where it had been. Following its movements I was 
able at the first to make out Avithiii the contents of the amoebocyte 
the refractilc liody of the ‘ Wdirmchen.' Ihit this body became palei’, 
and halfandiour laier it had been completely assimilated.” Un- 
doubtedly these “AViirmchen” were nothing but jjarasites (i/rc- 
paHldoun)^ and have no connection with the cell nuclei of frogs. 
Tlicir iugestioii, followaxl by destruction, Avas, therefore, a defensive 
act on the part of the body iminifested by the amoeboid cells of 
the splenic pulp. * 

In the same year, 11181, in Ayhich this observation l>y Oaulc Avas 
l>ublished, Iloser^, assistant in surgery at Marburg, pvddishcd a small 
pami>hlet on the lower animals. In this pamj>Iilet the possibility of 
growing eeiiain unicellular orgauisms iii urine and milk and the [539] 
adaptatiou of these organisms to saline solutions received sjyecial 
mentioj). At the end of one of his paragraphs lloscr exj)rcsscs his 

^ Vlrchoiv's ArrJiir, 1S77, Bd. Lxx, S. 546; 188I, Bd. Lxxxiv, S. S7. 

^ Arc/f ir f, Leipzig, 1881, S. 308, Taf. v*'. 

'' •‘Beitiilgc zur Biologic uiederstcr Orgauismeii,” Marburg, ISSL 
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yicvvs on immunity, although thi^ subject was not discussed at all in 
his pamphlet. He expresses himself thus : The immunity of animals 
and jdants in complete health depends in my opinion : (1) on the 
relative quantity of salt eontMinc<l in their ilnidSj and (2) on the 
l)roperty of their contractile cells of ingesting the enemy which enters 
tlie animal body^’ ([). ItJ). As these statements have been put forth 
Avithout receiving any liirtiiei* development, iiutlic midst of all kinds 
of other speculations, it is not astonishing that the words I have just 
quoted, as wefi as Koser s painpldct itsell should not have attracted 
the attention of either zoologists or medical men. In the reviews for 
tliese two sciences (Sclnnidt’s Jaln lmdicr ai^d the Zoii^loi/isclter Jahres- 
In rir/U of the Zoologicrd Sbitioi^ at Xaples) it is not even mentioned. 
Tt aj)i)ears tliat not only did other biologists and medical men attach 
no impoi'tanee to lioser’s si)ecnlations, but that tlie author himself 
did not claim any great value for them. 1 draw this coneliision 
from the fact that five years alter his tirst pam|>hlet he published 
a second on inflannnatiou and liealing^ in wiiich he does not apply 
Ids theory of immunitv to explain tliesc twa> phenomena. This 
new work is of an oven more s])ecu!ative character tlian was the 
lirst, and instead of attempting to show any relation between tlie 
Miiti-infcctive part played by the Icucocyjtes and tlicir migration 
during inflammation, lioser insists on the fuudaiucutal independence 
of tins j)henomenon of liealing. For liim the iiitlammation, accom- 
panied by diapedesis, must not be looked upon as a healthy reaction 
of tlic btxly, but as a inanifcstation of disease. Tlie heat whicli is 
(observed under tliese conditions must be attriliuted in part at least 
to the production of licat by infective ndero-organisms. 1 must 
confess that lioser's two pamphlets were unknown to me for many 
years, and it was llueppe wdio drew^ my attention to them by his 
mention of thou in the fourth edition of his Avork on bacterio- 
logical methods" Avhich appeared in UJ8U. 14iad then, independently 
of the ^larbnrg surgeon and by a totally different [lath, arrived at 
my conclusions as to tlie part jdayed by the amoeboid cells. At the 
commencement of my researches on healing and immunity the 
10] [Kissages cited above from the jiublications of Panum, Caide, and 
(h*aw itz Avere also iinknowu to me. Having long studied tlie probiehi 
of the germinal layers in the animal series, 1 sought to gain some 
i<lea of their origin and significance. The part played by the 

^ Rosor, “ lT(*l>er Eiitzundimg uiid Heilnnjj,” Lei[»zig, KSSG. 

- ‘‘ MeUiodcn der Bacterientbrschung,'’ Aud., Wiesbadci), 1880, S. 10. 
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ectoderm aiul tbe entoderm appeared rpiite clear,, and the former 
might quite reasonably be regarded as the cutaneous investment of 
j)rimitive multicellular animalSj whilst the latter might be regarded 
as their organ of digestion. Tlie discovery of intracellular digestion 
in many of the lower animals led me to regard this phenomenon as 
characteristic of those ancestral animals from which miglit be derived 
all the known types of the animal kingdom (exeeptiiig, of course, 
the Protozoa). Tlie oirigin and the part played by the mesoderm 
a])i)eared the most obscure. Thus, certain embryologists snpp(>sed 
that this layer corresjroiuled to the reproductive organs of i)rrmitive 
animals : others i^egardcd it as tlie prototype of the organs of loco- 
motion. JMy emliryologieal and physiological studies on sponges led 
me to the conclusion that the mesoderm must function in the hypo- 
thetically primitive animals as a mass of digestive cells, in all points 
similar to those of tlie entoderm. 1’his hypothesis necessarily attracted 
my attention to the power of seizing foreign corpuscles possessed by 
the inesoderinic cells. This tact has long been recognised. It was 
known that the wliite corpuscles of the A^ertebrata often contained 
various kinds of cells, especially red and wliitc blood corpuscles. It 
was known, also, that the amoeboid cells were capable of ingesting 
granules of coloured substances. When making an injection of 
indigo into tlie ax^sscIs of Thefi/,% IlacckeP in IJkvd was sui*prised to 
find the blue granules inside the amoeboid Idood corpuscles of this 
beautiful gasteropod mollusk. This fact has since been contirmed by 
many observers, and tlie capacity of tiie amoeboid colls to take up 
foreign Viodics became recognised as a general phenomenon. Never- 
theless this plienomenoii was not regarded as l)ciiig analogous to 
digestion. Thus HaeckeP hiinselt^ in his researches on the calcareous 
sponges, advocated tlie view that the foreign bodies penetrated 
into the interior of tlie viscouS' protoiilasm in a purely passive 
fashion. ^ 

Observations that I made on sponges and on certain pelagic [ 
animals, transjiarent and of simple organisation, convinced me that 
the presence of foreign coi pusclcs in the amoeboid cells of tlie meso- 
derm must be attributed to an active ingestion by these cells which, 
in every respect, might be compared to tlie phenomena of intra- 
cellular digestion in the epithelial cells of tlie digestive canal of 
many of the lower animals. In order to demonstrate this fact 

^ “ Die Kacliolarien,” Berlin, 1802. 

“ Die Kalkschwainme/’ Berlin, 1872, 
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clearly it \A'as uo'^essavy to bring forward exact experimental proof. 
1 set myself, therefore, during my stay at Messina in 1882 and 
1888, to study the role of the amoeboid cells of the mesoderm 
from the j)oint of view df intracellular digestion. I found it an 
easy matter to dcmonsti’ate that these elements seized foreign bodies 
of very varied nature by means of their living ])roccsses, and that 
certain of these bodies undeiavent a true digestiftn within the amoeboid 
cells. My pripcipul thesis, that is to su}' the idea of the intimate 
relations between the entoderm and tlie mesoderm, was thus fully 
conlirmed. 

Pondering over tliese results, whicli wcti-e (piite^new at the time, 
the idea suggested itself to mc'«tliat tlie digestive function, so pro- 
foundly rooted in the mesodermic elements, must play a part in many 
of the vital phenomena of animals. Starting from this standpoint, 1 
succeeded in demonstrating that, (luring the very (xtuiplicated meta- 
morphoses of Echinoderms, such as the Sijiuijdae, the amoeboid cells 
of tlie mesoderm fidfd a function in the atrophy of numerous larval 
organs. I liave never prosecuted any medi<'al studies ; but some 
time bt'fore my departure for iMessina I lisUmed to the reading of 
( ■(ihnheim’s treatise on tleneral Pathology, and 1 was struck by his 
description of the facts and of his t1ua)iy' of inflammation. The 
former, especially his description of the dia[)odesis of the white 
corpuscles through the vessel wall, seemed to be of momentous 
inb'rcst. Ills theory, on tlie other hand, a))pearcd to be extremely 
vagu(‘ and nebulous. It occurred to me that a comparativ'o study of 
iidlannnation in lower animals of simple organisation would certaiidy 
throw light on the very comj)lex pathological jthenomena in the 
Vertebrata, even in the frog which had served as the starting-point 
for Cohnheim’s remarkable cxjverimeuts. 

Since, in the atropliy of the lalval organs of the Siinaptae, the 
essentiid rule is accomjdished by tlie amoebofd cells of the mesodcVrni 
which accumulate and unite into mitsses, the richness of inflammatory 
exudations in white corpuscles may jierhaps signify that these cor- 
[r(42] puscles have a very important function to fulfll. 'J’his reflection led me 
to make the following experiment: to wound and introduce spines be- 
neath the skin of very transparent marine animals ; if my hypothesis 
sliould be well foundeij this shoidd bring about an accumulation of 
amoeboid cells at the injured sjiot. I selected for this purpose the 
large Bipinnaria larvae of star-fish, so abundant at Messina, and 
inserted prickles of the I'ose into their bodies. Very shortly these 
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])rickles wei'C found to be surrounded by a ninss of itnioeboid cells 
such as we sec in Iniinau exudatiou as the result of the iiUroductioii 
of a spine or otlier foreign body. The wliole process took place 
under my cye>s in a transparent animal possessing neither l)lood nor 
other vessels, nor a nervous system. Tlie first jioint Avas settled. 
Tlie inflammatory exudation must be considered as ti reactioii against 
all kinds of lesions, tlA^ exudation being a more primitive and inore 
ancient phenomenon in inflammation than are the functions of tlie 
nervous system or of the A cssels. ' 

I know fluite well that, at the jicriod when 1 made my researches 
(l()<)j), pathologij?/ts regarckHi inflammation as tlie conse(|uence, if not 
jdwa}S, at least in the majority of causes, of the penetration of micro- 
organisms. From this followed the conclusion that the diapedesis 
and accaimulation of white corpuscles in inflammatory diseases must 
be regarded as modes of defence of the organism against micro- 
organisms, the leucocytes in this struggle devouring and destroying 
the parasites. According to this hypotliesis the signifleanee of in- 
flammation at once became simple and clear. ^Vith the object of 
verifying my hypothesis 1 began to make exi)erimcnts on tlie lower 
animals, so abundant in the Btraits of ^lessina, and to make myself 
acquainted witli the roivdts that had been obtained in general 
])athology and in pathological liistology. A jierusal of Ziegler’s 
treatise on Pathological Anatomy made it clear to me that in these 
branches of medic.vd sciem‘e there had long been accumulated a great 
numlier of observations fitted to facilitate the acceptation of the new 
hypothc'sis on inflammation and healing. IS’umerovLs and well- 
established facts cm the absoi'iition of extravasated blood, on the 
fate of the coloured corjiiisclcs in the body, on the jirescnce of 
micro-organisms inside leucocytes, etc., confirmed me in my view. 

Wlien I had got together certain information and a number of 
facts in support of my hypothesis I communicated the results to my 
lamented friend, Klcincnberg, at that time Professor in the University 
of Messina. Both medical man and zoologist, he was avcH <|(udilled 
to olfer a judgment ujion the matter ; this judgment Avas favonralile. 
Sometime later i had the great pleasure of meeting tlie celebrated 
Professor Virchow at Messina. I imparted to him my ideas and lie 
was kind enough to come Avith me to examine my preparations of 
Bii)imiaria larvae and other lower animals in Avliich I had set up the 
phenomena of inflammation without the assistance of nervous or 
vascular systems. This eminent observer greatly cncountged me to 
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continue my investigatioiis. When I explained to him my view that 
the inflammatory reaction on the part of the amoeboid cells could 
only be underi^tood by accepting tlie hypotliesis that the white 
cor|)Usclcs gave cliase to |;hc micro-organisms and destroyed them, 
Virchow replied that in patliology just the oi>posite Avas invariably 
taught. The generjd oj)inioii Avas that miero-oi’ganisms Avere certainly 
found inside the leueoe\ tes and that they mat]^.'; use of tlicse cells as 
a means of trans))ort and of dissemination through the body. 

During my stay at Messina my researches Avere limited to the 
loAver animals, but later I began to study inllammation and the 
phenomena of infection in the Vertebra tj^i. It wj^s not until eight 
montlis after 1 had commenced my reseavclies in this dii’ection that I 
decided to publish my results. *1 first set thcTu forth in an address 
gi\X‘n at Odessa before the Congress of Xaturalists aiid Medical ]\fen 
in Latej', they Averc pnl)Iishc(l in a special article insei-ted in 

Claus's A rheiti ii at Vienna^ and in a small work whictj appeared in 
the BhiloifJsrlii'S CentrnlbljftP. I sought especially to develop the 
idea that the intracellular digestion of unieellular organism^^ and of 
many Inveilebrata had been her<Mlitari)y transmitte<l to tlie higher 
animals and retained in tliem by the am()cl)oid cells of rnesodermic 
origin. Tliese cells, l)eing capable of ingpting tind digesting all 
kinds of histological elements, may a])ply th(^ same povrer to the 
destruction of micro-organisms. In order to su)>])()rt this conclusion 
1 introduced various kinds of Imcteria into tlie bodies of some of the 
lower animals and I demonstrated tliat tli(;y Avere ingested and 
destroyed l)y the amoeboid cells. It Avas evident, liowevcr, that this 
jnoof Avas not suilieient. 1 then set myself to study the diseases of 
small Invertebrata sullieiently transparent to be observed directly 
under the microseoi)e. The Dapitmaej those small crustacea so 
numerous anti so fretjueiit in fresh \yater, fui’nished me with a favou)*- 
[544] able metlinm in Avhieh to study a I'cal strn,ggle \vhich takes ph)ce 
between their leucocytes and tlie si>ores oi' a vegetable parasite 
belonging to the group of the Blastomycctes. In many eases tlie 
amoeboid cells guarantee tlie integrity of the animal by devouring a 
hu’gc number of these spores and transforming them into an inert 
detritus. In otlier cases, on the contrary, the fungi get the xqiper 
liand in the struggle ; they succeed in germinating and in overcoming 
the resistance of tlie kucocytes by reproducing themselves rapidly 

^ Arb. a. d, zoot Inat. d. Univ. Wien, 18S3, BcL v, S. 141. 

- BioL CentralU.y Erlangen, 1SS3, Bd. in, S. 5G0. 
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and by billing these cells with their poisons. Tlic history of this 
disease and of tliis struggle was published in Vhrhow\s Arehw\ 

Some time afterwards I published in tlie same jounial my work 
on the anthrax bacillus’, in which I attciupted to demonstrate that 
in the Vertebrata also the invasion of jiathogenic micro-organisms 
sets iij) a desperate struggle between them and the amoeboid cells. 

In these four woi;V« I made use of the term '^jdiagocytes to 
designate the amoeboid cells capable of seizing and digesting the 
micro-organisms and other formed elements. To the' theory based 
on this proi)erty of the defensive cells 1 gave the name of “ theory of 
phagocytes.’’ v „ 

1 thouglit, as already mentioned above, that the observations on 
absoiption and lencocytes, which had been accumulating for years in 
l)atliol()gical histology, had sufliciently j>aved the way for a favourable 
rece])tion to the i<U‘a that the amoeboid cells are defensive elements 
of the body capable of guaranteeing to it immunity and cure. In 
this 1 was mistaken. It was precisely the specialists in this branch of 
science who fiom the first manifested the most lively opposition to 
this theory. 

However, in the Presidential Address delivered before the 6C)tli 
meeting of the British Association held at Liverpool in IbOO, Lord 
Lister said*^ : If ever tliere was a romantic chapter in ])athology, it 
has surely been that of the story of )>hagocytosis.” These words 
encourage me to put l)efore the reader tlic essential features of tins 
stor\. 

My first two memoirs published in Ifibd did not in any way 
attract the attention of the medical public. These investigations 
had a eliaracter tliat Avas too zoological to be noticed by patliolo- 
gists. But the two following publications, in wljieli I treated of the [545] 
Ikqjhnia disease and especially of bactciaal anthrax, immediately 
roused severe criticism. , Baumgartcir^, the well-known pathologist, 
opened tlie battle by the publication of a review of my researches 
on phagocytosis. He atteinj)ted to saj) the basis of my theory, and 
not contented with a jmovi arguments, he set his pupils to make 
a series of researclies on the late of micro-organisms in the refractory 

1 Virchoic's Archifi, 1SS4, Bd. xovr, S. 177. 

2 Virchoic's Archiv, 1884, Bel xevn, 8. 502. 

" Bejh Brit, Ass, Adc, Sci^ London, 1S06, p. 26; Rev. Seknt.^ Pvxris, 17 Octolre, 

1896, p. 493. 

* Bert. Jilin. WcIinscJir,, 1884, 
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animal Tliese ^-escarches resulted in soA'eral theses for the doctor’s 
degree wlncli sought to demolish every point of the theory of 
phagocytosis. 

Later, Ihuinigarten ^ published a long and above all admirably 
wi’ittcn analytical article entitled : “Ziir Kritik der Metschuikofl 
sehen Phagocytentheorie,’’ in which, with much talent and wit, he 
attempted to demolish the bases and conclu8«)ns of the phagocytic 
tiioory. 

Baiimgarten regards the piecisc observations which I had been 
accumulating for some years as incorrect and retutod bj' the observa- 
tions and experiments of his pupils. Tin.' argunuxits that I give to 
justiTy my theory are, accordini^ to the same cratic, contiary to logic 
and to truth. If the j)hagocytes arc really elements destined to 
guarantee the integrity of the animal organism how is it, asks 
Pauingarten, that Just at the moment of greatest danger, M'hcn the 
l)lood and the tissues are invaded by the micro-organisms, the 
k ueocytes arc cons]>ieuous by their absence ? The answer that there 
is no predestination in the phagocytosis, and that the danger is the 
greater the moi'e feeble the plnigocytie reaction — a fact which is in 
perfect harmony with the law (jf causes and with the principles 
of the evolution of species according to Darwin’s theory — did not 
satisfy my critic. He says: “If the interpretation which jMetschnikoff 
gives of the activity of tlie leucocytes ajvpears to be rather the 
product of a rich imagination than the result of the objective obser- 
vation of the seeker, it matters little that Ids account of the develop- 
ment of th(! leucocyte in what he wishes to see in it should be in 
eonformity with tlie ptriuciples of the theory of evolution” (j). 4). 

I was able by numerous researches" to refute point by point the 
;i6l objt'ctions based on the work of Eaumgarten’s jjupils, but tliat did 
not prevent him from persisting in his negation. Only, commencing 
by writing long articles, he contented IdmseK’, later, with dcnying'the 
theory of phagocytosis in small annual notes, appearing in his reviews 
of works on bacteriology, rvhich were unsrrpported either by ar gument 
or by any facts mentioned in his abstr acts. 

Barungarterr’s example was followed by many other pathologists. 
Ziegler, the well-known author of a text-book on pathological 
airatomy that has certainly had a wider circulation than any other 

^ Zt^chr.f, /din. Med.., Berlin, I88S, B«.l, xv, S. 1. 

- Virc/iow’s Are/iie, 18SS, Bd. cxiv, S. 465; Ann. de I'InsL Pasteur^ Paris, 

1 SyO, t IV, p. 35. 
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work, vigorously attacked tlie theory of phagocytijsis. As it was 
precisely from this treatise that I had acquired luy knowledge of tlie 
large number of facts that had accumulated in patliological litera- 
ture on the part played by leucocytes in rosoridion, I was ])ersuaded 
that Ziegler, who had collected these statements, would l)e one of the 
first to recognise tlie importance of phagVKiytosis i)] infiannnation, 
healing, and immunity. Ihit this distinguished pathologist, in 
sevend of Ids publications \ ex])ressed himself very vigorously 
against the phagocytic tlieory. The intervention of these cells, 
according to him, must be |)urely accidental and their role in the 
defence of the b^dy against the micro-organisms very insignificant* 
The better to demonstrate this thesi^; he caused his |)upils to under- 
take investigations on several infective diseases, and these young 
observers all arrived at tlic same icsult, that phagocytosis lias 
nothing to do >vith the struggle of the animal against the anthrax 
bacillus or against the bacillus of symptomatic anthrax. It is the 
less necessary to enter into these iletails now because 1 have, in the 
preceding chapters, given snllicient proofs of the incorrectness of the 
objections advanced by Zieglers school, ft has beem demonstrated 
most conclusively (by iaibarscli’s researches, as well as by many 
other works) that in anlhrax in man phagocytosis, denied liy one 
of Zieglers pii])ils, is most mark(‘d. It is likewise well known from 
the researches of llutfer, Lcclainche and Vaihkn as well as from my 
on n observations, that in symptomatic anthrax, in which the phago- 
cytic reaction is denied by another of Ziegler’s pupils, it is a very 
impoi'tant and Inghly developed feature. 

Tlie opposition emanating from another eminent pathologist, 
Weigerty jiarticularly impressed me, because this investigator is 
known not only to be an observer of great accuracy but to possess 
a mind of great imagination and generalising power. In several 
papers he put forward his utmost ingenuity to demolisli the pliago- 
cytic tlieory root and branch. * lie wordd recogidsc neither the 
imiiortance of phagocytosis in healing and immunity, nor the defen- 
sive function of the giant cells. Weigert, however, content(‘d himself 
with formulating tlieoretical objections, and no works directerl specially 
against the doctrine of phagocytosis have issued from liis laboratoiy. 
It must be stated, liowever, that although tliere has been such oppo- 

^ “Lelirb. d. patliol. Aiiat.,” Jotia, 3*“ Anil.; Beitr. z. path. Aunt., Jciia, ISS9, 
Bd. V, S.4I‘>. 

2 Forlschr. d. Mud., Berlin, 1887, Bd. v, S. Ti2-, Ibid., ISSS, Bd. vi, gS. 8;), SO!). 
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sition on the part of certain of our most eminent pathologists, others 
amongst them have, from the beginning, expressed themselves in more 
favourable terras. Thus, Virchow^ in an introductory article in the 
lOlst volume of his AnMv, continued his friendly attitude with 
j’Cgard to the works on ]thag(tcytic defence and spoke of them as 
opening up a new field of research. Itibbert", in a series of publi- 
cations, maintaineil the importance of the plvjigocytes in the resist- 
ance offered by the animal to the aggression of micro-organisms, 
and pointed out, especially in connection with the diseases set up 
by the sta])hylococci, the frcipicncy of the ingestion of these parasites 
by the leucocytes. He insists specially on a mpdification of the 
]>hagoeytic reaction, which consists in the acciumdation of white 
corpuscles armmd the centre of microbial infection. In these cases, 
without tlie occuri’cnce of any real ingestion of the micro-organisms 
into the substance of the phagocytes, tiiesc organisms may have their 
nioibific manifestation himlered by the assemblage of the white 
corpuscles. It is needless to insist that this act, which I referred 
to in my first woi’k in 18U3, constitutes the jtrehide to a true 
jihagocytosis and is tilosely bound u]) u ith this defensive phenomenon. 
Another pathologist, Hess®, sujiports the tlieory of i)hagocytosis by 
confirmatory rcsearcluis of great value. 

The patliologists who were adversaries of the phagocytic theory 
combined their elforts to demolish it, without troubling themselves 
to replace it by any otlier theory of defence on the i)art of the body 
Avhich might more easily be made to accord with their principles 
and their statements. Baumgarten certainly tried to prove that 
micro-organisms ])erlsh in cases where immunity is i)roduced or 
healing occurs, not as the result of the jdiagocytic rcacticm or of any 
other manifestation on the part of the menaced animal, but simply 
“of themselves” (von selbst), that is to say, they liavc simply 
accomplished the normal cycle of their existence and die a natural 
[51S] deatli, this bringing about healing and immunity. As may be readily 
understood he was unable to bring forward tlie slightest evidence 
of the correctness of this hypothesis, which, 1 believe, has never been 
accepted by anyone, nor even been defended by its author. In this 
respect the attacks directed against tiie theory of phagocytosis by 
bacteriologists have been of a very dilfei-eut character. Is'ot content 

‘ rirchmtis Archiv, 188^, Bd. Ci, S. ]2. 

Deiilm'he*ined. Wchmehr., Lcijizig, 1890, S. OUO. 

3 rirchoms Archw, 1887, Bd. ci.\, S. 385. 
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Avith overturning this hypothesis, these observers have sought to build 
upon its ruins new theories capable of offering a better explanation of 
the plienoinena of immunity. I must liere confess at the outset that 
these attacks have been much more impprtant tlian those coming 
from the pathologists and pathological anatomists, and have led to 
discovei'ies of tlie greatest value. 

One of Fodor’s exp'^rirnents^ one not altogether new, served as the 
])oint of dci)artnre for much woih and for a large series of objections 
directed against the phagocytic theory. The Ilungarirtu investigator 
found that the delibrinated blood of the rabbit was capable of 
destroying in ritw a groj^t number of anthrax bacilli. From this 
it was concluded that the Ihdds of the living l)ody possessed a 
bactericidal i)Ower suHicient to explain the immunity against infective 
micro-organisms. The destruction of the anthi*ax bacillus by defibri- 
nated !)Iood was confirmed by a young American investigator of great 
talent, XuttaHy wlio carried out an important work on tliis subject 
in the laboratory and under the direction of Friigge at Breslau. lie 
Avas able to follow stc]) by step, by the observation of anthrax bacilli 
on the warm stage, tlieir degeneration under the action of the 
defibrinateil blood. This destruction of the bacilli took place outside 
the iiliagocytes. Tlie sayio plienomenon coidd be shown by the 
method of gelatine ])lato cultures. The bacilli, stdijec'ted to the 
iidluence of tlie detibrinated blood of lubbits and other vertebrates, 
usually died or were markedly injured. Idie blood when lieated 
to 5a'' 0. comiiletc'ly lost its bactericidal |>ower. 

These ol)servations, ]>erfectly exact in every detail, gave Fliigge^ 
and Ids assistant Bitter^ the o|)j)ortunity to criticise vigorously the 
theory of phagocytosis. 1’hc cells Aveic said to lie incapable ofD'JiO] 
ingesting living micro-organisms; tliese latter must be previously 
destroyed by the bactericidal action of the body fluids, and it Avas only 
their dead bodies Avliich were devoured by tlie [ihagocytes. 

Fliigge based Ids criticism .upon considerations of a general 
character and u[)on observations made mainly by Nnttall. ‘' There is 
no necessary point of analogy/’ says the learned Breslau hygienist, 
“between the ingestion of food and the struggle against infective 


^ Deutsche med. JVchnschr., Leipzig, 1886, S. 617 ; Arch. f. JMuucliCn 

u. Leipzig, 1886, BJ. iv, 8. 121). 

- Ztschr.f. Hud-^ Leipzig, 18S8, Bd. iv, S. ,353. 

® Ztschr.f. Iffjg.y Ijoipzig, ISSS, Bd. iv, S. 223. 

* Ztschr. f. Uuu-> Leipzig, 18SS, Bd. iv, 8. 318. 
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inicro-orgaiiisms, nor between nutritive substances and living micro- 
organisms” (p. ^25). “From Nuttall’s results it must evidently be 
u(;cei)tcd as possible that the phagocytes can ingest dead bacteria 
only ami that they have not the power of ridding the body of the 
living infective agents” (p. 22C), The following passage is especially 
signillcant. “When we examine, with an open mind, a series of 
])reparations which sliow the relations betwepn the i)hagoi,*yte8 and 
the bacteria in various infecti^c diseases, the phagocytes sometimes 
])resent theinoehes as the victims of the bacteria, which continue 
their triurnplial niarcli ; sometimes they produce the impression of 
tojubstoues lying in large numbers behind the linepf battle and after 
the end of the struggle. On the other hand, they in no way force 
themselves upon our notice as instrumeTits of slaughter which the 
attacked organism makes use of to defend itself’’ ([>. 227). 

These ajgnments have been regarded by many investigators in all 
countries as ))erfect]y sullicient to ovci-throw the phagocytic theory. 
1’he l)actericidal power of the body fluids became the rallying cry 
of a great number of w'oi'ks always directed to the same object; 
to rt'plaee the rdlc of ]»hagoeytosis by that of a baet(,‘ricidal power 
of the body fluids. It is quite unnecessary to weary the reader with 
a list of the very numerous publications tliat liave api)eared on this 
subject in every European langmige. But it is not possible to pass 
over in silence the woik of some of the piincipal [lartisans of the 
Immoral theory of immunity. 

The first place amongst these wmrks certainly belongs to von 
Behring’s memoir’ on the natural iimuunity of white rats against 
anthrax. As alieady stated in (Jha[)ter \’i of this work, von Behring 
discovered the very remarkable power j)ossesscd by the rats blood 
wO] of destro} ing anthrax bacilli with veiy great rapidity, Tliis inves- 
tigator did not hesitate to eoncliuje therefrom that this bactericidal 
])ro|)crty of tlie blood must, in the rat, bring about a great resistance 
against anthrax. We should liavc^in this case, then, -an example in 
which the immunity did not depeml in any way xipon {ihagocytosis, 
but would be boxuid up entirely in a purely humoral pro])erty'. 

With the object of deciding whether the bactericidal property of 
the blood is I'eally the general and essential cause of natural or 
acquired immunity, von Behring, in collaboration with Xissen-, carried 
out a long scries of experiments, tlie results of which, however, did 

^ CeiHnflhl, Uhl. Aled., Bonn, 1.SSS, I\"o. ;^8. 

- ZUchr.f. llyg., Keipisig, 1S90, Btl. viii, b. 112. 
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not coiilinii their expectations. Tliej' tbnncl that in aiiiinals well 
vaccinato<l against certain bacteria (notably (janidleia's vibrio or 
V. metschnilovl), tlie blood plasma undoubtedly acquires a higli 
specific bactericidal ])Owcr, but at the same time they satisfied 
themselves that the Idood, even of well immunised animals, was 
generally incapable of killing the micro-organisms. The bactericidal 
property, then, according to their researches, i)resentcd itself not as 
a general character but as one of limited importance, dhese i'acts 
even led von Behring to abandon the theory of t!*c bactcjicidal 
power of the body fluids as an exjdanation of immunity. 

This theory found many warm i>artisans, especially at jMunich. 
Emniericli had already announced at the International Congress of 
Hygiene, held at Vienna, in that in the Idood of rabbits 

vaccinated against the )):u;il!us of SAvine erysi})clas an antiseptic 
substance of remarkable activity is produced. To this, exclusively, 
in this instance, and not to the phagocytes, he attributed the acquired 
immunity. Later, Emmerich’ in an investigation carried out in 
collaboration with di IMattei developed tins view. We may refrain 
from giving any account of the contents of their memoir as Avell as 
from criticising their conclusions, as this has ali-eady been done in 
Cha))tcr ix. Let us content ourselves with stating tfiat our own ex- 
periments, as well as those made later by Mi;snil, have demonstrated 
the inaccuracy of Emmerich’s statements. 

Another Munich bacteriologist, H. Buchner, at first expressed 
himself" very favourably on the theory of phagocytosis. He 
regarded it as more capable of explaining most of the ])henomena 
of immunity than Avas his own older local theory. But little by 
little he declared himself in formal opposition to the cellular theory 
of immunity and went over to the camp of his sometime adver- [ 551 ] 
saries. He adoi)ted'* the humoral theory of the bactericidal action 
of the body fluids, upon Avhicli sid)ject he carried out several 
im])ortant investigations. He aahs able Avithout diflicidty to confirm 
KuttaU’s discovery of the disappearance of the microbicidal ])Ower 
Avhen the defilirinated blood Avas heated to .'>5° H., and he added to 
this fundamental fact many others of gi’cat value. He demonstrated 
the iiart i)laycd by the salts in the exercise of this bactericidal poAver, 
and laid great stress on the fact that this power de[)ends on the 

' ForUchr. <1. Med., Berlin, 18S7, Bd. A', B. * 

^ MvnrJten, mecL Wch ni<chr., 1SS7. • 

^ Cent ratbL f. Balder iol. u. Parasitenk,^ Jena, ISOl, Jiii. x, 8. 727. 
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])rcsenceof a special substance of albuminoid nature, to which ho gave 
the name of ale,iin. Buchner^ combatted with success the idea tliat 
T liad ex])ressed, according to wliicli the bactericidal power of the 
body fluids is reduced in great part to a idasmolytic action of the 
blood serum upon certain micro-oi’ganisins. It cannot be denied that 
my hypothesis is oidy very partially applicable, and that the larger 
share in the bactericidal action of the body, fluids belongs to the 
alexins. Buchner also made the study of tins action more easy by 
the <lemonstrat:on tliat the red blood corpuscles of a foreign species 
undergo, under the action of the blood and of the serums, a globu- 
licidal action comparable to tliat which occurs in the case of micro- 
organisms. 

Whilst FHigge, von Beliring and many others of the old partisans 
of the liaotericidid theory of the body fluids aliandoned it more or 
less coin|ileteIy as an explanation of immunity, Buchner remained 
faithful to it and tried, aided by the collaboration of his pupils, as far 
as jiossible to defend it. 

In France this humoral theory was adopted chiefly by Bouchard- 
and ids pujiils, amongst whom I must cite nioT'c particularly Charrin 
and Roger. They sought to conlirm it by personal researches, the 
greater part of which were carried out upon the bacillus of blue 
])us. These investigators studied it esxiecially in relation to acquired 
inmiunity. A comparison of the mode of development of the pyo- 
cyanic bacillus in the serum of suscejitible animals and of vaccinated 
animals of the same species, convinced them of the great importance 
of the action of the body fluids. In cases M hcrc these fluids were 
found to be incajiable of killing the micro-organisms they exerted 
over them an injurious influence, cither by attenuating their virulence, 
2] or liy producing more or less important modifications in their forms 
and functions. The essential cause,, of natural or .acquired inmminty 
Avas always attributed by Bouchard’s school to the pi-operty of the 
body fluids. The phagocytes were said to intervene only secondarily, 
either to carry off the dead bodies of the micro-organisms, or to 
ingest the bacteria, rendered inoffensive by the Immoral action. 

The humoral theory of immunity, with some slight modifications, 
s])read very generally into every country, and many investigators 
a(!cepted it without reserve. But certain observers ventured to ran 
counter to the generah current and raised objections of principle 

1 CettfralU.f. BakfeHoi. u. Parasitenk,, Jena, 1890, Jid. viir, S. 65, 

3 ‘‘Les microbes pathogeiies,” Paris, 1892. 
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against the theory of the bactericidal power of the fluids of the 
body. After the principal facts established by the {^artisans of this 
theory had been confirmed, it was asked whether tlie phenoniena 
of tlic destruction of inicro-organisrns observed in rifro are leally 
equivalent to those produced in tlie refiuctoiy animal. A glance 
at the data brought togetlier with so much zeal was sullicitmt to 
demonstrate that thi^^ parallelism does not exist. The Ijlood of 
animals susceptilflc to certain micro-organisms was found to be 
bactericidal for these organisms, wliilst that of I'cfractoiy animals was 
incaimble of desti’oying them. It is useless to cite cxam[)1('s, so 
numerous are tlic;y. On tlie other hand, the bactericidal power of 
the body fluids, so marked for certain pathogenic organisms such as 
theanthi'ax bacillus and especially the cholera vibrio and the typhoid 
coccobacillus, is insignificant or nM as regards many bacteria against 
which refractory animals are not wanting. 

AH these i'acls throw doubt on the predominating paif played in 
immunity by the bactericid,al power of the body fluids. LubarsclO 
attacked the luimoinl ilieory, showing by a great number of experi- 
inonts that animals whoso fluids an? very bactericidal in vitro are 
very susceptible to a niucli smaller quantity of l>acteria of the same 
species introduced into the body. Thus, tlie deflbrinated blood and 
the blood serum of rabbits destroy a large number of bacteria in 
a very short time, whilst the rabbits themselves contract fatal 
anthrax after the introduetion of a small number of tlieso micro- 
organisms into the blood vessels. This contradiction cannot be [553] 
explained excejit by the profound changes which tlie Idood must 
imdergo outside the body. Facts of the same nature liave been 
shown foi* the authrax of rats by llaukiu, lloux, and ourselves, as 
described in Cha|)ter vi, 

Tlic International Congress of IMcdicine, assembled at Berlin in 
IflOO, was the first occasion on which 1 spoke publicly of the 
new theories of immunity. In the addresses given at the general 
meetings, leaders of medical science in several countries summed up 
their opinion on this question. Koch‘“, in his memorable re[)ort, 
declared that the new acquisitions had destroyed tlie basis of the 
theory of iiliagocytes, and that consequently it must give place 
to the immoral tlieory of immunity. Bouchard took up a m()r(i 
conciliatory position, but, according to him, tliq bactericidal power of 

^ Centralhlf, BakterioL u. BarasUenky Jena, 1880^. Bd. vi, 85S. 481, 52a 
“ Ueber bacteriologisclio For?ichun<^,” Berlin, IsiiO. 
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the fluids of the body was the i)rirnary and essential cause of immunity. 
The pliagocytes' ouiy intcrveived later, in order to finish the work 
begun without their assistaneo. Lord Lister ex])rcssod himselF, on 
the otlier hand, much more favourably on the sid)jeet of the tlieory 
of pliagocytosis. Tliis ol>server, wI»o is not only a great surgeon, 
but is i)crhai)s even more remarkable foi- his great powers of 
generalisation, lias paid special attention to tlje problem of immunity. 
With the object of clearing up tliis very complicated and at the same 
time imjiorta’/it ipiestion, Ivord Lister seized the occasion of the 
meeting of the Inb'rnational Congress of Hygiene in London in 
to bring aliout an exchange of views bct\xeen tlic partisans 
of tlic various theories of immunity. Under his iiri'sidency he 
devoted an entire sitting of the Section of llaeteriology to the 
discussion of this question. Thuhner [iresented a report- draAvn u}) 
c.vchisively from the jioint of view of tlie humoral theory and devoted 
to the demonstration of tlic slight importance of phagocytosis, and 
also to the jireiionderant part played by the alexins dissolved in the 
body (iuids and circulating in the i>lasma of the blood. TJe attempted 
to harmonise the facts on the liactericidal power of serums observed 
in vitro with the special conditions to be met Avith in the animal 
body. He specially insisted on the jioint that, in the blood and the 
organs, the alexins cannot act with the same rapidity that they can 
Uml in test tidies containing .scrum. In this Avay he recognised that 
lietAveen the bactericidal action in vitro and tliat in the body of the 
animal, there exists a marked dilfcrence, lint he Avould not consent 
to attribute it in the latter case to tlie intervention of the jihagocytes. 

Roux * also made a report on immunity at the same sederunt, 
speaking Amry distinctly in favour of the cellular theory. A chemist 
by inclination, lie was sympathetic at first to the humoral theories of 
immunityx Working Avith I*asteur, and side by side Avith him, Bonxy 
from the beginning of the iicav era of mvidical .scimice, had made 
numerous experiments on the pp,rt played by the body fluids in 
immunity. But as the results Averc not suflleiently precise and 
demonstrative they Avere soon abandoned. The attachment of Roux, 
however, to the luimoral theories was manifested in Ids work, carried 
out in part Avith Uliamberlaud^, on tlie subject of vaccination by 

‘ “The grc-sojit position of antiseptic .surgery,” IJcrlin, 1890. 

* AI iittchcil. liird. It' cftititchi'.j 551, 

3 Aiut, de I'fuat, Pas/tftfr, Fiiria, 1891, t. V, p. 517. 

^ Attu. d( I'Tmit, Paste nr, Tavis, 1SS7, t. i, p. 501. 
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incMUS of microbial product:^. Later, baviiig obtaiiuid a dcci)er know- 
ledge of A^arious facts conceriiiiig natural and accpiircd iminiinity, 
he rallied to the cellular conception and developed it in his report 
presented to tlie above Congress in Londo!^. 8evei‘al microbiologists 
took part in the discussion, and 1 myself ^ was al)le to communicate 
certain facts concerning the immunity of guinea-pigs, ac(|uired as tlie 
result of vaccination against Gamalcia’s vibrio. I chose this example 
because it presented, according to Aam llehring and .Niss<ni, tlie 
clearest case of a bactericidal property developed during tlu^ couisc 
of immunisation. 1 Avas able to furnish tlie proof that, in the 
vaccinated animal, the micro-organism in (piestion, in spite of the 
great bactericidal power of the blo(\d serum in vitro^ remains alive 
in tlie animal body foi* a long time, and that its (l(\sti‘uction is elfected 
by the phagocytes, Avhicli ingested it alive. In this exanijile 1 slioAved 
that the leucocytes of the exudation, that have ingesicd vibrios, may 
still furnisli cultures of this organism if they are taken from the body 
and transferred in hanging drop to the iiuaibator. 

Tlie fact that, even in the case Avhich apja^ared most to favour 
the humoi’al conception of ac(|uired immunity, phagocytes play the 
princi[)al jiart, must to many members of the Congress have appearial 
sufficiently significant. Indeed, several observers who Avei-e jiresent 
at the debates, received the im])ression that the phagocytic theory 
liad not been overtiii’iied by its adversaries. At this jioriod the poo] 
<|nestion of the importance of antitoxins from tlie }>oint of view 
of immunity had senreely been raised. Hie great discovery made by 
von Ikdiriiig and Kitasato Avas already acce[)ted by everyone; buf. 
there Avas no ground for attributing to it any general inn]>ortance. 

Ill fact, tliongh proved for tetanus and diplitlieria, and extended by 
Ehrlich's beautiful expenments to the ATgetable toxins (ricin, alnin, 
and robin), the antiU>xic projicrtyxif tlie fluids of the body presented 
itself rather as a speciabthan as a general phenomenon. It is in this 
sense tliat Roux had assigned, to it its place in tlie ehajiter of 
immunity. The two diseases, against Avhich antitoxic serums had been 
disco A^ered, are certainly distinguislied from the great majority of 
infections by the localisation of the micro-organisms and the aliuiidant 
secretion of tlicir toxins. 

It was only after the lioridou Congress tliat this ffuestiou came 
prominently forward. Von Rehring thought that the antitoxic jioAVcr 
of the body fluids is generally distrilmted in all cases of acijuired 
^ Amu de I’InsL Paalettr, Paris, 181) J, t. v, pp. ±65, 554. , 
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iiimuinity, and jtliat micro -orffanisins, introduced into the animal 
possessing this power, become incapable of any pathogenic manifesta- 
tion. Cei'lain facts, brouglit togetlier in boucfiard’s laboratory, tell 
against the hypothesis I have just mentioned. With the olyect of 
throwing light on this question I l)egan, immediately after the close 
of the Congress, to study the acquired immunity of rabbits against 
the miero-organism of the pneumo-enteritis -of pigs. I was able 
to demonstrate^ that in tliis case the resistance of the animal against 
the micro-orgimisms docs not dcjtcnd on the acepusition of any anti- 
toxic in-operty by tiie body fluids ; sncli a property is completely 
absetd. At the same time 1 showed that tlie seiaim of vaccinated 
rabltits possesses a very marked .nrotective power against i)\feetion by 
the coecobaxillus of |meumo-enteritis. It was for the first time proved 
that uide|icndcntly of the antitoxic and bacterici<lal properties of 
serums, theie exists anotlier special projicrty, the anti-infective 
property. This I conceived to be of tlie nature of a stimulant action 
on the paid of the iihagocytes. 

It has already been stateil in an earlier chaider that before the 
discovery of antitoxins llicliet and Ilericourt" had observed an 
immunising action of the serum of animals refractory to stapliylococci. 
Tlicse observers wore content witli this demonstration and did not 
seek to [lenetrate more deeply into the mechanism of the action 
of tlieir serum. For this reason when von ifehring and Kitasato 
[ijOdJ aimouiiced their discovery of antitoxic serums it was generally 
thought that the antistaphylococci serums were also antitoxic serums. 
Tlie immunity against the micro-organism of tlie pneumo-enteritis of 
pigs taught us that here wc miglit have to ileal with (piite a dilferent 
matter. It was soon demonstrated tliat the serum from the immunised 
animal miglit in fact, without being antitoxii-, present tlie same anti- 
infective property as in tlic case of pneumo-cntei itis. That was first 
proved in the case of the exiicriniental disease set up by Koch’s 
cholera A'ibrio. 

The reappearance of cholera in Europe in 1892 di’cw the attention 
of bacteriologists to this disease, and was the occasion of many new 
researches on immunity against the cholera vibrio. Several important 
works on this ipiestion wore puldished by Pfeitfer’’, at this period 
director of the scieutitie statf of the Koch Institute at Berlin. He 

I* 

^ Amt. de, VJmU Pasteur^ Paris, 1892, t. vi, p. ‘2S9. 

® Compt, rend. Aoid. d. ttc., Paris, 1SS8, t. evir, })p. 690, 748. 
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obtained, in animals well immunised against tlie cholera vibrio, 
a serum endowed with a higli anti-infective power Imt entirely with- 
out any antitoxic property. The guinea-pigs themselves, very resistant 
to the cholera peritonitis, were found, on the other liand, to be very 
susceptible to the minimum lethal dose of tlie cholera poison. The 
absence of antitoxic power in the fluids of the body taken in con- 
nection with a Avell-ni|irked phagocytic reaction in a large nuinl)cr 
of cases of immunity, natural and ac(]uired, has turned the scale in 
favour of the cellulai* theory. The imj)ossibility on tlid ])art of those 
who maintain tlie purely bactericidal tlieory of the body fluids, to reiily 
to the objections labove nientioned lias accentuated this favourable 
movement. Just at tliis moment, when the theory of phagocytes might 
be regarded to have obtained the rights of citizenshi|), a discovery was 
made which appeared to overturn it completely. I have mentioned 
more tlian once that the attempts of the partisans of the bactericidal 
theory of the body fluids have failed wdienever it wtis necessary to 
give evidence of tlieir action in tlie refractory animal. Instead of a 
destruction of the micro-organisms in these fluids, it was always found 
that they [lerished inside the jihagocytes. Tliese facts ha^e even le<l 
to the manifestation of a desire to harmonise tlie liiimoral theory 
with the theory of phagocytosis. Denys, with certain of liis colla- 
borators, and Buchner and his pnjiils came to the conclusion that['^»^>7] 
the alexins are merely leucocytic products. As I’egards tlie tlieory 
of phagocytosis wc have tins section, who attribute au important 
function in healing and immunity to the emigration of the leucocytes 
towards, and tlieir accumulation at the menaced spot. Tlicy admit 
that the leucocytes really ixjprcsent the healing elements of the animal 
body; it is not, liowevcr, they say, their phagocytic (unctions which 
confer upon them this role but their power of secreting alexin. These 
bactericidal substances act outsidje tlie phagocytes— iii tlie plasmas 
of the blood and of the tjxiidations — ^aiid phagocytosis only intervenes 
at a later period and secondarily, ^ 

This ncAv modification of the bactericidal theory of the liody fluids 
has often been termed by Buchner a connecting bridge betAveen the 
humoral theory and the cellular theory of immunity. 

In the inidst of this movement of conciliation, Pfeifler^ in Ihhl 
published a work on the immunity of the gninca-iiig aii^ainst 
experimental cholera peritonitis. He maintains that here the 

^ ZL^chr, II Leipzig, 1894, Bel, xviil S. 1; cf, also ladder u. Lssaeff, 
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(lestructioTi of the vibrios takes place without any co-operation on 
the part of the phagocytes and exclusively by means of the body 
fluids. The viVudos, before tlieir complete destruction and solution 
in the fluids of the body, arc transformed into granules, presenting 
the transformation to whicli we have given the name of Pfeifibr’s 
]:)henomenon. 

Several of Pfeiffer's ptipils have confirmed diis view in connection 
with the cholera vilirio, and have extended it to several other micro- 
organisms such as the typhoid coccobncillus. The destruction of the 
micro-organisnis in these cases is brought about, according to I'^feilfer 
and his collaborators, not by the alexins of Buchnep but by a separate 
substtUice. The protective anti-infective scrum contains it in an 
inactive state only; but immediately this serum is introduced into 
the l)(;dy of a normal animal, the bactericidal substance is acted upon 
l)y tlie endothelial cells and becomes active,'' capable of destroying 
a large number of vibrios. PFeiUbr has <leveloped this theory moic 
especially iu an article published in lo9f), entitled ^VEin neues 
Orundgesetz der ImmunitiitV ITeiflbr^s obse?‘vation and his tlicory 
built upon it gave a new lease of life to the humoral tlieoiy and foi* 
some time many observers believed tliat the theory of phagocytosis 
S] was now finally overturnctl. Frardvel- annoumcii, in a public address, 
tliat scdcncc in its progressive march has '' discovered the methods 
of dofetu’e employed by tlie animal organism against its most dreaded 
enemies, methods which liave nothing in common with phagocytosis, 
which act quite iudcpcndeutly of the ])]iagocvtes and manifest an 
action so energetic that wo may calmly eliminate all other factors/’ 
This view is based on the discovery of antitoxins and the bactericidal 
substance studied by Pfeifrer. 

It Avill be readily uuderstood that as soon as 1 Icariit of the 
existence of a real extracellular dostructiou of micro-organisms 1 at 
once began to study it in order to find outits\‘*eal importance amongst 
the phenomena of immunity. First of all, 1 examined i^feifter’s 
phenomenon in connection witl* the cliolera vibrio'^, and I was able 
to show tliat it was produced only under special conditions. The 
pre-existent phagocytes must be greatly injured before the choleni 
vibrios can be transformed into granules. Phagolysis (so I termed 
tliis transitory damage to tlie phagocytes) is indispensable for the 

^ Deulffche nuuL WchnscJir.^ flerlin, J896, !S8. i)7, 119. 

^ “ vSchutzimpfuiig iiiui Impfsclmtz” Marburg, 181)5. 

^ Ann, de Vfnst, Pasteur^ Paris, 1895, t ix, p. 483. 
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inanifestation of Pfeiffer’s phenomenon in the peritoneal fluid. When 
it is suiipressed, by prei)aring the phagocytes by nuAins of injections 
of various fluids, we find that, instead of Pfeiftcr's pheiiomeaon, 
phagocytosis is almost instantaneously pro(,luced. in positions where 
very few or no leucocytes are p)*c-existent, as in the subcutaneous 
tissue, Pfeitter^s plieuonicnon is never observed. 

liven in the case of, the cliolera vibrio the extracellular destruction 
is observed, therefore, only in special cases. jMost of tlie other 
pathogenic miero-orgaiiisms do not undergo this destructive process 
at all under conditions in which the cholera viluio exhibits iffeiffers 
phenomenon in aimarkcd <Jegrce. These facts appeared to justify me 
in the conclusioM tliat the dcsti'iiction of micro-organisins takes i)lacc 
in the animal body by means of soluble ferments, the result of phago- 
cytic digestion. These ferments are IVmnd under the normal coJidition 
witliiu tliese ])liagoc\tes and escape from them wlien tliey are 
destroyed or receive some transient injury. I'lus e<iaeliisiou was iii 
flat contradiction to tiic theory and statements of PfeiHer, who 
attributed an important fiinclion to the endothelial secr(‘{ioiis. To 
settle this controversy 1 tried to obtain Pfeiffer’s phenomenon outside 
the body, tliat is to say independently of any co-operation from tlie [ 
peritoneal endothelium. , It is sufficient to add a little i>eritoneal 
lymph, rich in leucocytes, to the inactive anti-iurective serum, to 
obtain in hanging di’ops tlic trails foi-iuation of the cholera vibrios 
into granidcs. 

Bordet ^ in my laboratory, re])eatcd tin's experiment with the 
object of determiniug its essential mechanism, lie suececdcil in 
obtaining PfeiHers plionomenoii m vitro, not only l>y aihling [ani- 
toneal lymi>h from a normal guinea-pig to tlie spi^eilie serum, luit 
also by adding to it a drop of fresh blood scrum from the same 
animal. The analysis of tlie phci».omena wliieh Ijike place under tliesc 
cc^iditions led Bordet to the following hyi>othesis. The destruction 
of micro-organisms in vaccinatpd animals takes ])lace l>y the co- 
operation of two substances. One of these is Buchner's alexin which 
is found normally in the phagocytes : it sets up bacteriolysis pro[)erly 
so-called wiieu it is enclosed within the leucocytes or after it has 
escaped from them at the time of idiagolysis. To attain tin's end, 
however, the alexin needs the co-operation of another substance. 
This is the protective or sensibilising substance of Bordet. It circu- 
lates ill the plasmas and carries a specific ch.iiracter which is alisent 

^ Ann. de VI nut. Pmlear, Taris, t. ix, p. 4G2; 18r»G, t. x, pp. 104, 103. 
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from the alexin. I need not here insist at any length on this theory, 
because it lias already been sufficiently explained dui’ing the course 
of this woi'k. 

The data on the restricted part played by Pfeiffer s phenomenon 
and on its mechanism, above sumniarised, have been attacked by 
Pfeiffer and by several other observers, but they have received 
general confirmation, so that their accuracy can no longer be in doubt. 
Objections were also raised to Bordet’s view of the mechanism of 
bacteriolysis. Thus, Abel has criticised it in tlie following argument^' 
“In siiite of the soundness and the boldness of the majority of Bordet’s 
statements on the importance of the various ffietews, and esiiccially 
of the leucocytes in iinnmnity, it cannot l)e doubted that later 
researches will modify and correct his interpretations wliicli wc, in 
Cermany, do not accept in their full extension. Up to the present, 
the victory in the various rounds has always been with Pfeiffer, whose 
researclm\s, solid and exempt from bias, have made him, to use a 
sporting exi)ression, tlie favourite’ nith all those? who follow atten- 
[5f>o]tively the internatiomd contest in the arena of the ]>rol)]cm of 
immunity/’ Abel is certainly a higldy esteemed bacteriologist, but 
he is not a good prophet, and he assumes a mistaken attitude in 
looking at the subject from a “ national ” point of view“. In (Jermany 
much interest is taken in scientific movements and, vciy naturally, 
original and new theories arc there criticised and discussed. But 
that does not jnstify one in putting forward against an opinion tlie 
statement that it is not accepted in Cermany. In this country, so 
rich in scientific Avork, Ave find partisans of tlie most opposite views. 
In any case, in the conllict betAvecn Pfeilfer on tlie one hand, and 
Bordet and myself on the other, things ha\"e not turned out as Abel 
predicted. The tAvo substances Avhich act in the destruction of the 
micro-organisms are uoav accepted by the whole Avoihl. Tlie intimate 
relations between the alexins and the leucocytal's arc CMjually recognised 

^ Ceiitralhlf, Bakferiol. u, ParasUenk.^ Jena, ISlKi, Abt., Ikl, xx, S. 7GG. 

" It wouM eleurly l>o wr.mj; to take one s stand, in a purely sciontilic questidii, 
on a national point oi‘ view. But it is a still greater inLstaJic to look at matters, in the 
investigation of problems which concern science only, trom a personal point of view. 
This, however, is what has ha.p|)ened several times in the discussion of phagocytosis. 
Certain discontented students have attempted to avenge themselves by [uihlishing 
works and eritici.sms directed against the theory of phagocytosis. Having no doubt 
as to the motive for these [mblieatious I consider myself fully justihed in not 
referring to them in this hook, in which I have taken an e.xclusivcly scientific point 
of view, and in wliich I have endeavoured to Aveigli as carefully as possible all 
criticisms and objections that have been directed against me. 
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by very many observers. Tlie fact that the alexins are confined 
within phagocytes has been confirmed by several observers, and has 
received a very convincing proof from Geiigou's experirnetifcs on tlie 
comparative action of the serum and blopd ])Iasma against micros 
organisms. The existence of pliagolysis, denied at first by some 
observers, has been verified by others and can now no longer be 
doubted. 

The relations between the scnsibilising substance and the phago- 
cytes arc less easily grasped than are those betAveen the alexins and 
the leucocytes. Nevertheless, the experiments made by Pfeiller and 
i\Iarx\ have led these ob.servers to recognise that the former arises 
from the spleen, tlie lymphatic glands, and the bone marrow, that 
is to say, oigans wliich arc pre-eminently phagocytic. This result 
has been confirmed by Deutsch and must be regarded as definitely 
settled. All the data collected in recent years have, tlierefore, 
confirmed tlie view that the destruction of micro organisms in 
the refractory animal presents itself as a special example of their 
absorption by formed elements. This truth was so fully recognised [5gi] 
in our laboratory that tlie analogy between bacteriolysis and tlie 
destruction of animal colls was looked mion as quite natural and 
evident Bordet had for some years past observed that the blood 
serum of certain animals presented a marked analogy in its aggluti- 
iiative property in regard to micro-organisms and in that against 
red blood corjmscles. In studying tlie fate of the spirilla of 

the goose in the peritoneal cavity of guinea-pigs (see Chapter vr), 

1 observed that these micro-organisms underwent the same elianges 
both Avithin and outside the pliagocyte; this tact appeareil to me to 
be in perfect hai'mony Avitli the Avholo of our kuoAvledge conccniiug 
the absorption of formed elements and on intracellular digestion. 

Bordet", prepared by liis prccedii»g researches on tlie agglutination 
oBtlie red blood corpuscles, set himself to study tlie fate of the red 
corpuscles iu the animal body. He easily established a close relation- 
ship betAveen the devehqmient of the bacteriolytic jiroperty and the 
haemolytic poAA^er of the scrum of animals prepared by repeated 
injections of bacteria and of blood. His rcsidts were soon (January, 

1891); confirmed by Ehrlich and Morgein'oth®, Avho snpplemented them 
Avitli the important statement that Bordet s seiisibilising substance, or 

^ ZlMhr.f. Lefi^zig, 189S, Bd. xxvrr. 8. 272. 

Aim, do rivH, Pmf,eui% Paris, 1898, t. xu, p. 68S ; 1899, t. xiu, [). 27’». 

^ Be7'l, kiln, \Vchnsch)\j 1899, S. C. 



538 


Chapter XVI 

intcrraetliary substance (E. and M.), bas the property of attaching or 
fixing itself to thb red blood corpuscles. 

The works on haemolysis, carried out during the last three years 
by Ehrlich and Morgenrotji on the one hand, and by Bordet on the 
other, have allowed us to extend our study of the mechanism of the 
action of the two substances on niicro-organism.s and on animal cells. 
Ehrlich has extended his ingenious theory of antitoxins to the bacterio- 
lytic substances, which he regards as side-chains detached from the 
cells and capalfie of absorbing tlie toxins. In a scries of remarkable 
investigations, most of tliem carricil out in collaboration with Morgen- 
roth, Ehrlich luis developed his theory W'hit^b attofupts to ofler an 
account of the essential mcchanisjn which i>residcs over the destruction 
of micro-organisms and over the neutralisation of their poisons. This 
theory is at present in full swing of develo]>mcnt. Some of his points 
contradict several of the conclusions in Bordet's works. Whilst the 
latter maintains tliat the scusibilising substance becomes fixed as 
•2] a mordant, liitirlich regards it as entering into chemical combination 
with the molec'ular group of the micro-organisms and of the animal 
cells. According to Bordet, tlic alexin of the same species of 
animal is always the same svd)stancc. Ehrlich energetically main- 
tains the i»lura1ity of the alexins, to whicji he gives the name of 
complements. 

Tiiis controversy has caused a most interesting exchange of views 
and has led to experiments which are remarkably ingenious; but it 
must bo admitted that as yet all the points in dispute are not 
definitely settled. It is evident that we liave hero a new lino of 
research which ])vouiises most fruitful results for science. 

We have described in various chapters of this work the funda- 
mental elements of Ehrlich’s theory. Many think that this theory is, 
in principJ^’j antagonistic to the tlmory of phagocjjTosis, but we have 
already observed that this view cannot be aocepted. It is true tliut 
Ehrlich maintains that the bactej-iolytic and cytotoxic ferments 
which we have called ei/tases (alexins or complements) circulate in 
a state of solution in the blood plasma, whilst, according to tlie 
theory of phagocytosis, they ai’C found under nornud conditions 
inside phagocytes. But tins view has nothing to do with the basis 
of the theory of receptors, or of Ehrlich’s side-chain theoiy, according 
to w'hich the antitoxin* and cerfeiin other antibodies (intermediary 
substance) are regarded as products detached from cells having an 
affinity for tlie toxins and the microbial products. 
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The theory of phagocytosis seeks to establish the i>nrt ]>hiyc(l by 
these cells in the destruction of iniero-organisins, it maintains that 
the vital manifestation of the phagocytes, irritability, mobility, and 
voracity, constitutes an essential hictor jii ridding the animal of 
micro-organisms, because the true bactericidal ferment is contained 
Avitlnn the phagocytes, except in cases of idiagolysis. The destruction 
of tlie micro-organisinv follows the laws which govern the al>sorption 
of formed elements in general. Tin's absorption, iiiially, is the work 
of two soluble digestive ferments, one of which (fixalive) is readily 
excreted by the phagocyte into the plasmas of tlio blood and exuda- 
tions. The thc()i 7 of phagocytosis seeks to establish these principles 
with the greatest possible exactness, but it lias not yet ventured to 
penetrate more dee|)ly into the phenomena of intracellular digestion 
which are confounded with the action of soluldc fei'inents in general. 
This problem is still far from being satisfactorily solved. 

In spite of very inimerous objections, of which the [irincipal ones 
liave already been mentioned, the theory of phagocytosis, within tlio 
limits indicated, so far from being overturned, has become more and 
more consolidated, tlianks to the numerous observations made since 
its foundatioT). It is tor this reason that the oiiposition has calmed 
down of late years and that in many wawks the opinions expressed 
have become more favourable to the role of jiliagocytosis iii immunity. 

Soon after the Congress of Hygiene in 181)1, the ratliological Society 
of London devoted several meetings to a discussion of the question of 
immunity. Many eminent observers took part in these debates, which 
were, in general, favonralde to tin's theory of phagocytosis h 

At the Internatiomd Congress of llygiene, held at TIudapest in 

1891, the (piesiion of iinmunity was again discussed. l>uchner‘' made 
a report in wliicli lie specially insisted on tlic leucocytic origin of tlie 
alexins, regarding this fact as particularly capable of reconciling the 
bactericidal property o5 the body fluids wdtli the theory of jihagocy- 
tosis. The alexins, however, scereteil by the leucocytes, must, it was 
assumed, cany out their principal function in the idasmas of the 
blood and exudations. Phagocytosis would only intervene secondarilv 
for the juirpose of ingesting the microorganisms which had been 
already killed or seriously injured by the alexins of the body fluids. 

^ Brit. Meet. Jounu, London, 1S92, VoL i, pp. 373, 492, 591, fi04. A very short 
summary of this discussion was given in the DmUche med, IVc/uimId^ Leipzig, 

1892, 8. 29G. 

2 Milne hen, med, Wcluuchr.j 1894, 8. 717. 
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III hm lant ^suininary of tlie question, presented to the International 
Congress of Medicine at I’aris in 1900, Biicliner^ maintains his theory 
of leucocytic secretions. But he already takes one step more towards 
the theory of jdiagocytosi^s, at least as regards natural iininunity. 
He consents to accept the fact “ that pliagocytic activity is in many 
cases of decisive importance in overcoming the infective processes, 
especially in tlio.se cases in which the secreted |\lexins were unable to 
bring about more than a teinjiorary attenuation of the vital functions 
of the bacterifl. Under these conditions the bacteria could only 
be modified in so far as their chemical functions were transformed 
into a latent state, from Avhicli they woul^J be ready to regain their 
full Antal activity slioiild it liaypon that tlie pliagocytes Avere not 
there to jirevcnt tlicrn from doing so/' In any case this vieAV is 
[564] widely i-cmoved from the old theory, according to Avhich pJvagocytes 
were regarded as capable of ingesting dead and inoirensive bacteria 
only. 

A second advei*sai\y of the theory of phagocytosis, von Behring^ 
gives a place to this theory not only in certain examples of natural 
imnnmity but evTii in some cases of acquired immunity^ e.g. in the 
immunity of sheo]) vaccinated against antlirax, an example I have 
already cited in (Chapter viu (ef, supra, p^ 212). 

It would take too long to describe the change of opinion on the 
theories of immunity tliat l»as taken place during recent years. I Avill 
content myself Avitli citing certain examples Avhicli shall lie taken from 
the Avorks of <lecla,rcd adversaries of the theory of phagocytosis. Thus, 
Fliigge, Avho early declared against the cellular tlmory completely and 
categorically and at tlie same time argued sti'ongly in fiiAour of the 
humoral theory, has l>ecn gradually led to dejiart from his iirst position. 
We may follow tlie steps of his conversion in the ditlcrent editions 
of his Outlines of II y<jiene. In tluj first edition^ jmblislied in 
he expresses lnm.self in the folloAving mannoK U’ Itecent researches 
indicate the probability, hoAvever, tl^at the phagocytes in by far the 
greater majority of eases seize the infective agents Avhich, already 
dead, are not in a condition suitable for the performance of a defensive 
function. On the other hand, it is proved that the blood and blood 
plasma of Avaninblooded animals possess the projicrty of destroying, 
very quickly, enormous numbers of pathogenic bacteriaU . . . etc. In 

^ MUnchim. tmui. Wdnischr., 1900, 8. lUKt 

Mivhiidter, Wien, 1900, Bd. ix, 203. 

’ “Gnu)dri.s.s dcr ll}giene,^^ Leipzig, 1SS9, S. 487. 
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the fom’tli edition of the j^anic work, published in we find at 

the corresponding place the following passage^: “Hcccnt rescurcJies 
indicate the probability, however, that the theory of Metschnikolf.. *is 
not in a position to offer a complete explanation of the jirocess of 
iinmunity.” This passage is followed by a somewhat conciliatory and 
eclectic development of the tlieory. 

Let ns take as a s,econd example Giintlier’s hdroilnttion to the 
Study (\f Baiderloloyy^ widely read both in the original and in trails- 
lations. Tn tlie first edition published in IbDO' ‘tlie theory of 
phagocytosis is cnrtly dismissed as “being incapable of witlistanding 
criticism/' In tho fifth edition of tlie same work, however^’, tmblishcd 
in 1H08, this theory is no longer treated tlius summarily. It is given 
a place amongst the theories of immunity and an attempt, similar to 
that made by JIuchner, is made to reconcile it with the humoral tlieory. 

A change in tlie same direction may also be observed in Oharrin’s 
view. In the first edition of his l^itholoyle yenende ht/eciknsCf this 
observerVhad already taken an eclectic view on this (jiu'stion of the 
tlieorics of iminnnity. But the function which he assigns to the 
phagocytes is sidisidiary and secondary, whilst to that of the Immoral 
properties is assigned a position of primary importance. In the second 
edition of tlie same work, wliich ajipearcd seven years later'^, the 
importance of phagocytosis is recognised in a much larger measure, 
as may be gathered from the following ])as8ages: “For my part, 
1 have always accepted phagocytosis : at the same time I have 
always accc])tcd the existence of special humoral properties. As 
early as 1888 1 showed, in vim, that the germs are modified 
outside the cells ; l)ut I did not know from what groujis of anato- 
mical elements these properties were derived, I exaggerated tlieir 
importance and it is tlie decision of this origin and this im|)ortance 
tliat renders it ppssiblc to reconcile the two theories^' (p. 250). 
“After all, the defence rests upon these two great processes or 
cellular activities, pliagocytosis iu tlie first line, and then humoral 
influences, some of tlicm bactericidal and injurious to the living germ, 
others antitoxic and injurious to tlieir seci*etions ([). 258). 

Whilst the theory of [ihagocytosis has been consolidated by the 


[r>Gb 


1 ‘‘Grundriss dor Hygiene/’ Leipzig, 4^® Aufl., 18J>7, S. 507. 

2 Einfiibriing in das Btudiimi der Bakteriologio,” Lei[>zij^, ISOO, 8. MO. 

3 ‘ Eiul'uhruiig iu das 8tudium der Baktcriologie,’^ 6^® Auli., 1808, 8. 275. 

Traite de medcciiie’' de Cliarcot, Boucliaivl, et Biissaud, IbOl, t, i, pp. 219—230, 
* “Traite do intHleciiic...,*’ 2® ed., 1898, t. i, pp. 250 — 254. 
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(loinoiLstrutioii : (1) that the phagocytes, in cases of iinnmnity, ingest 
and destroy theft, living and vinilent inicro-organisins Avithoiit tlie 
latter needing to be ])revionsly deprived of tlieir toxins ; (2) that the 
idiagocytcs al)sorb toxic si;l)stances ; (.‘3) tliat tlie jdiagocytes contain 
bactericidal cytases and produce fixatives ; the humoral tlieories, 
in si)ite of all the efforts made to defend thejii, could never be 
develo])ed as theories that were in the slightest degree of general 
application. Certain observers who from the fii\st were very sympa- 
tlietic to tlie Knmoial theories have attempted to give a complete 
summary of tliese properties. Thus, Stern ^ and later Frank- have 
published reports drawn up with great eaj*e and a very imi>artial 
spirit on the works treating of the projierties of tlie liody fluids 
[560] and the part tliey ])lay in immunity. This is how they sum up the 
(|uostion. Stern came to the conclusion that it is impossible 
demonstrate at all regiilai-ly the existence of relations lietween the 
liactericidal action of tlie blood and immunity in all the infective 
diseases. In some cases, however, these relations are so marked 
tliat, for these examples, a causal bond lietwcen the two factors 
is extremely jiroliable.” Frank expresses himself in the following 
manner: ‘‘It follows most clearly that the immunity of an animal- 
immunity innate or ae(|uired — correspomjs with the bactericidid 
])roj)erty of the blood in certain exce|)tional eases only. The only 
animal, absolutely susceptible to anthrax and whoso blood is entirely 
without any baeterieidal iiower, that it is at present jiossiblc to 
cite, is tlie mouse,” “The bactericidal action of the blood serum 
is undoubtedly a fa(‘(. of g]*eat biokigieai inqiortance ; btit eijually 
certainly it cannot be the general cause of immunity, whctliei’ innate 
or Jic(iuire<l. ’ 

An attempt was made to give fresh life to the liumoi’al theory, 
either by assuming that the baetoj-icidal substance is nothing but 
the cosino[>hile or ])seu<lo-eosinophile seertiiion of the loucoeyfces 
(Kanthack), or by supposing tha,t^ for the destruction of micro- 
organisms in the animal body the iiitei’ventioii of the agglutinative 
8ul)stance dissolved and distiibuttHl in the body fluids is essential 
(Max Gruber), niese two views were put forward in a tentative 
form and as preliminary cominniiieations only; there is no possibility 

• 

^ CentralhLf. (dig. Path, n, path. AitaP Jena, 1894, Bd. v, S. 212. 

^ liubarsch u, Ostertags*^' Krgebuisso d. allg. Fath. u. path. A iiat,” Wiesbaden, 
iS95, c Abt., S. 384. 
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of rai^iog* tliem to tlie dignity of theories, and of late years they have 
not been upheld. ^ 

It cannot be denied that not one of the hiinioral theories has been 
able to retain its position or to stand against tiie niinierous facts that 
liave been accunndated during recent years. 

11iis extraordinary discrepancy l)etwecn tlie bactericidal power of 
the body fluids and inimunity is explained by the circuinstance that 
tlic microbicidal substances exist in the living animal witliin pliagocytes 
and only escape from them when these cells have becni injured. 1'he 
fact, so well demonstratod by Gengou, that the blood plasma is without 
any bactericidal ^power has given the final blow to tlie Tnicrobici<lal 
theory of the bod}^ fluids and it can no longer be maintained. 

I’he humoral theories, liased on fne antitoxic and })rotective power 
of the liody fluids, can claim only a very restricted ap[)lication. Tliese 
properties are met with in acquired immunity only, and even there 
are not constant. Many cases of ac<{uired immunity against micro- [r^GI] 
organisms are unacconi])anied l>y any antitoxic power, and in several 
examples of tins iininnnity the liody fluids do not exhibit any pro- 
tective powei'. 

There is only one constant element in immunity, whether innate 
or acquired, and that is phagocytosis. The extension and Importance 
of this factor can no longer be denied. 

It is clearly pi’oved that jihagocytes are susceptible cells wliich 
react against morbific agents, whetlier organised or not. Hicse cells 
ingest micro-organisms find «al)8orb soluble substan(*es. They seize 
microbes whilst these are still living and cfqnable of exercising their 
noxious efiect and bring them under the action of their cellular 
contciils, uliich are capable of killing and digesting tlie rnicro- 
oiganisms or of inhibiting their pathogenic fiction. ITiagocytes act 
liccansc they possess vitfd properties find a faculty of* exerting a 
fermentative action on morbific figents. Tlie mechanism of this action 
is not yet definitely settled, and we can foresee that for future 
researches there will be a vfist and fertile field to be reached by 
pursuing this path. 

The present phase of the question of immunity constitutes one 
stage only in the develo|)inent of biological science and one which 
is capable of many iinprovcments. 
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SUMMARY 

jMeaiis of rlofonce of tlie animal against infoctive* ajyonts. — Al>s()rption of micro- 
or^aiiisius.~-r)ia,<;oc*vUH, ami their, function in intlummation. — 'flic action of 
])ha,o'ocvtes in iho ji]>sorption of iniero-organisms.^ — 'i’lie eytsisos, phagontic 
fernicnts, — The cytasc.^ arc closely bournl up with the phagian Lcs.— The (ixntivos 
and tlieir function in acrpiiml immunity. — Tlie fixatives arc cxeret(‘cl hy the 
j))iagocytes and pass readily into the ihiids of the Ixuly.— I'issential in(‘chanism 
of tlie action of tlic lixa.tives. — Adaptation of pliagocytes to dcst)-oy micro- 
organisms in acquired imirmnity. — Dillorcnce hotwcen the fixatives and the 

agglutinins.— Antitoxins and their analogy with the fixatives. -llyp(dlieses as 

to tlie origin of antitoxins. — Cellular immiuiitv is a fact of general import. — 
8usee)>tihihty and its role in immunity. — Applications of the theory of immunity 
to nie<lieal practice. 

WriKX an animal r(?inain ?5 nnliarinod in B|ntc of tlic penetration of 
infective agents it is said to be immune to the diseases usually vset 
11]) by tliesc agauits. This idea einbraees a very great uuinbcr of 
])heiiomena which cannot always be sharply separated from allied 
])henomei)a. On the one hamb immunity is closely eonnected with 
the j)rocess of cure, on the other, it is rt^lated to the disease. An 
animal may be regarded as unharmed if the iicnetration of a vei*y 
dangerous Tinis sets up nuu-ely an insignificant discomfort. Xever- 
theless, this discomfort is accom]>anitHl by moibid symptoms, though 
tlicy may be very slight. It is nselcss and iinpossible to set up ai|.y 
precise limits betvvi^en immunity and allied states. 

Immunity iireseiits great variabiliW. Bometimes it is very stable 
and durable ; in other cases it is very feeble and transient. Immunity 
miiy be individual or it may be generic. It may be the privilege of 
a race, of a species. 

Immunity is often innate, as is the case of the immunity Avhich is 
called natural. But it \uay also bo acquired. This last category of 
imuuinitv may be developed either by natural means, after an attack 
of ail infective disease, or as a result of human intervention. The 
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principal means of obtaining artificial acquired innniinity consists in 
the inoculation of viruses and of vaccines. • 

Immunity is a phenomenon which lias existed on tliis globe from [ 
time immcniorijd. Immunity must be of as ancient date as is disease. 
The most sinqile and the most jirimitive organisms have constantly 
to struggle for their existence ; tliey give chase to living oi'ganisms 
in order to obtain food, and they defend themselves against other 
organisms in order that they may not become their prey. When the 
aggressor in tin's struggle is much smaller than its adversarv the 
result is that the former introdmes itself int(» the liody of the latter 
and desti'oys it by means of infection. In this case it takes up its 
abode in its adversary in order to alisorb tlie contents of its liost 
and to produce witlun it one or iiiore generations. The natiind 
history of unicellular oi’gauisms, both vegetable and animal^ often 
presents to ns these examples of primitive infection. 

Blit infection also has its counter. The attaekfal organism defends 
itself against the little aggressor. It protects itself by interposing a 
resistant memVaane, or it uses all the means at its disposal to 
destroy the invader. As a very large numlier of organisms, in 
order to obtain nourishment, are obliged to submit their food to 
digestion by various chemical substances, they utilise these sub- 
stances in the struggle against the infective agents. Tliey digest 
tliem whenever they are able to do so. 

One of the most primitive of organisms, the plasmodium of the 
l\Iyxomycctes, wliich is composed of formless protoplasmic masses 
intermediate between loAvcr animals and jilants, ingests foreign 
bodies of various kinds. It often happens that it incorporates 
numerous bacteria which are growing alongside it on rotten wood 
or elsewhere. The plasmodium allows them to live for some time 
within its digestive vacuoles. But in the end it digests them by 
means of its soluble ferineuts, substances intermediate between 
pepsin and trypsin. Owing to this digestive power the plasmodia 
are not attackeil by bacterial intections. 

This exauqile, taken from amongst the most simple organisms, 
may serve as a prototype for the plienomena of immunity in general. 
At the commencement of the study of this remarkable property of so 
many living organisms it Avas thought tliat the pathogenic micro- 
organisms encountered, Avithiu the refractory organism, a medium 
Avhich did not alloAv them to live, cither because of the absence 
of certain nutritive substances indispensable for their existence or 
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because it contained sonic substance injurious to inicro-ovganisms. 

0] Very inuuerouff and detaileil researches have demonstrated the 
incorrectness of these hypotlieses. There arc, of course, certain 
imthogiMiic niicro-orgauisyis which are very exacting us regards tlie 
medintn in whicli tliey will grow. Some will develop only in the 
])resencc of jiarticulai' substances, whilst others arc extremely sensi- 
tive to the slightest traces of poisons. Tln^e, liowever, arc quite 
the exception. I’lie great majority of pathogenic micro-organisms 
belonging to* the group of bacteria readily adapt themselves to 
all kinds of cnlture media, and most of them live and (levelop 
freely in the blood or otlier llnids of r^tractory, organisms. This, 
therefore, is not the imise of the inimunitv in such organisms. The 
cause must I»c tor auionjxst fiictois more closely coiitiected 

witli lile. 

Wishing to pcMctratc more deeply into tliesc idieuomcna the 
liyi)()tlicsi.s was put foiuvanl that llie unharnicd organism got rid 
of die infective micro-organisms by ex))c]lii)g tljcm to the outside 
along with the excreta. It was maintained for a considerable time 
tint the aniinid organism j)oss(‘ssed the means of causing iiathogeuic 
liactcria to j>ass into tlie kidneys, whence they were eliminated by 
th(‘ urine. It had to be ackntiwlcdgeti, liowever, that this elimination 
never takes [ilace in cases of immimity, a,nd only comes into operation 
wlien the animal is ill and the intcgiity of tlie renal filter is im- 
paired. 

I'lie infective micro-organisms, after they have entered into the 
unharmed organism, remain there for a longer or sliorter period, 
and peri.sli without being expelled, dis;i|)pear;Micc of the 

micro-organisms lakes phice by the same mechanism t!mt rids 
tlie phisinodiimi of those liactena which it 1ms managed to ingest 
<1uj*iiig its slow peri‘gri nations oyer dead leaves or rotten wood. 
The micro organisms ai*c alisorbcd into ^le refractory urganjsms 
as dm result of a true act of digestion. It is very remarkable that 
the gaslro intestinal ingestion, so well provided w ith means of render- 
ing tlie most varied aliments soluble, is generally incapable of 
digesting jiathogenic or other micro-organisms. It is very rare to 
meet with solulile ferments of the intestinal canal Avhich are capable 
of digesting microsco|)ic organisms, especially bacteria. Consequently 
tins organ, so rich in* digestive diastases, is generally inhabited by 
a large number of b^icteria and other micro-organisms. 

Even in animals whose food contains large numbers of micro- 
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organisms, e,(/. the larvae of flies, tlie digestive jviices are powerless 
to destroy tlieiii. Nevertheless, there are {)rgaiiisms which feed 
oxclusively, or almost exclusively, on bacteria and Avliicli are quite 
capable of digesting them. These are the Protozoa, .siicli as the 
Amoehae and certain Infusoria, Avhich, without any trace of a[ 
digestive tube, easily bi’ing about this result. Ahiotbde can be 
grown on the surface pf agar by taking care to sow along with them 
bacteria for tlieir noii)*isIiment. It is only necessary to give ibciu 
a single species of micro-oi’ganism, and this may be ^selected from 
the pathogenic forms, such as the cliolcra vibrio or tlic eo//. 

The Araoihac ing^ist a mnvibcr of these bacteria in the living state. 
They then kill them and diges:t tliem in their digestive vacuoles 
which contain, aloiig with a little acid, a ferment bcloiiging to tlic 
try])siii group, tlie amoel)odiastase. 

The bodies of lower and liigher animals, alike, are very i-icli in 
elements which closely resemble the Antodjae, Sometimes these are 
to be found in the epitlielial cells of the digestive canal wjiich put 
out pi’otoplasmic processes for tlu‘ iuiri)ose of seizing food and ti ans- 
ferring it to tlieir intei’ior, whcu’c it is submitted to tlie action of 
digestive ferments. Sometimes they arc the cells di.>posed between 
the body wall and that of the inte.>tinal canal, which float freely 
in the fluids of tlie body or arc more or loss fixeil in the intei'stitial 
tissue. The anim.il kingdom presents a great variety ot‘ tliese 
amoeboid elements, known nmle)* the geiicral name of phagocytes 
(cells ca])al)le of devouring solid bodies). One of tlie most [uiniitivo 
arrangements of pliagoc} les is met with in Amirh and its allies 
belonging to the group of the Xematoda. All the organisation 
that the^e I’oiuid worms |)Ossess consists merely of four, or a few 
more, enormous cells attached to the body wall. These are pliago 
cytes which push put ])rocesses of enoi*mous length, capalile of 
exploring the whole of the internal cavity of tlie body. 

The majority of jihagocytes circulate in the lymph and blood and 
jiass into the exudations. These wdiitc corpuscles liave a comjiarativcly 
uniform structure in tlie Invertcbrata and [uesent tliemsclves as small 
cells with a nuclcais and a protoplasm capalile of amoeboid movo- 
ments. In the Wndebrata we meet with two great categories of white 
corpuscles, of which one group resembles tliose of the Invertebrata 
ill that they also possess a single large nucleus itnd an amoeboid proto* 
plasm. These are the macrophages of the blood and of the lymph, 
and are intimately couuected with the uiacrophages of ^ucJi organs as 
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the spleen, lymphatic glands, and hone marrow. Another group of 
white corpuscles* in the Vertebrata is made up of small amoeboid 
cells which are distinguislied l)y having a nucleus Avhich, although 
single, is divided into several lobes. Tliese are the microphages 
[5T'2] whose chief peculiarity, the multi-lobed form of tlie nucleus, must 
be regarded as an ada|)tation for the purpose of [lassing us rapidly as 
possible through tlic walls of capillaries and sigall vi’ins. 

The diapedesis of the white coriuiscles, their migration through 
tlie vessel waft into the cavities and tissues, is one of the principal 
means of delence possessed by an animal. As soon :is the infective 
agents have penetrated into tlu^ body, a wliylc ai*my «f wliite corpuscles 
proceed towards the nicnace<l ,spot, there entering into a struggle 
with the micro-organisms. Aided by the special form of their nucleus 
tlie microphages are the first to pass through tlie nails of the vessels. 
Each of the several smalt lobes, into which the nucleus and its 
protoplasm is divided, ])asses readily through the minute orifices 
between, tlie endothelial cells of the vessels. The macrophages 
follow the microphages and become nii.ved in greater or less numbers 
with the exudations. Hut it is not micro-organisms only which set 
n[) tliis inflammatory reaction acconi])anied by the emigration and 
the aceunmiation of leucocy tes. The intjoduction of inert bodies 
and of aseptic fluids brings about the same residt. Tlie jihagocytes 
are, as a matter of fact, endowed with a special suscejitibility, which 
enables them to iierccivc exceedingly small changes in the chemical 
or physical composition of the medium that suirounds them, 

'J'he leucocytes, having arrived at the syiot where the intruders 
are found, seize them after the manner of tlie Aiaodxie and within 
their bodies subject them to intracellular digestion. This digestion 
takes place in the vacuoles in which usually is a weakly acid fluid 
which tiontains digestive ferment#! ; of these ji very considerable 
number are now recognised. . . 

Just as the Amorhac and the Infusoria make a choice from amongst 
the small organisms that siirrouml’ them, so the leucocytes choose 
bodic.s which are best suited to their use. The nnicrophages seize 
by preference animal cells such as the blood cor[)usclcs, the sperma- 
tozoa, and other elements w liich arc derived from animals. Among the 
infective micro-organisms the macroiihages have a i»redilection for 
those that set up chroiiic di.seases such as leprosy, tuberculosis, and 
actinomycosis and als» for those which are of animal nature. Into 
this last category come the amoeboid parasities of malaria, Texas 
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fever and the Trypanosomata. Tlie niacrophageB can also ingest 
the bacteria of acute diseases, but, save in exceptional cases, tiieir 
intervention is of little moment. 

The microphagcs, on tlic otlier liand, appear to play their part [.'57.3] 
specially in acute infections. Their intervention against animal cells 
is nil, or almost so. Thus they rarely seize the red corjmscles of 
the same or of a foreign species of animal. They also appc'ar to l»e 
repelled by parasites of animal origin and by certain bacteria wliich 
set up clironic diseases. Whilst the macrophages seize the liacilli 
of leprosy Avith great avidity, the microphagcs ingest them only 
exceptionally. ,, ^ 

The morphological and pliysiological diilercnccs between the two 
great categories of mol)ile phagocytes (leucocytes), correspond to 
differences in the composition of their soluble ferments. Just as the 
Amoebae digest their prey by means of their amoebodiastase, a 
soluble ferment of the group of tryi>sins, so the Avhite corpAisclcs 
submit the foreign l)odies ingested l)y them to the action of what are 
noAv known as cytascs. These cytascs (alexins or com[)lements of 
otlier writers) are solulile ferments which also belong to the trypsin 
group. They act in a medium which is feebly acid, neutral, or feebly 
alkaline, and, like the amoebodiastase, they are distinguished by a 
great sensitiveness to heat. When the cytascs are contained in iluids, 
a temperature of 5.5“ — 5(i' C. destroys them rapidly and comjiletely. 
Wlien they arc found in organs reduced to the state of an emulsion, 
their sensiti\’^cncss diminishes and it is necessary to raise the tempera- 
ture to 5!! ’ — G2'’ C. in order to destroy their activity. 

Bordet maintains that the cytascs arc very different in tlic various 
species of animals, but that in the same species only one cytase 
exists. Ehrlich and Morgenroth, on the other hand, liold that the 
same serum contains several, sometimes many, different cytascs. 

This question is too difficult to be definitely solved at jiresent. It 
appears to me very probable that there exist, in the same spci ies of 
animal, two different cytascs. One of these, the macrocytase which 
is found in the lymphoid organs and in the serum of the Wood, acts 
more particularly on animal cells. Thanks to this substance an 
extract or maceration of the spleen, omentum or lymidiatic glands 
dissolves the red blood coiqmscles more or less readily ; these extracts 
and macerations, howev'cr, are incapable of destroying bacteria. 
When the macrophages .seize the nucleated blood corpuscles they 
digest them completely, not sparing even the nucleus, so resistant 
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[‘^>74] to attack, but ^v]len tl\c same |)luii;ocytcs ingest siicli micro-organisms 
as are most easily digested, such as the cholera vibrio, their action i.s 
feeble. The vibrios, Avitliout any transformation into granules, re- 
main alive for some timeyand are destroyed and digested with very 
great diHiculty. The cytase of the microphages, or microcytase, is 
<listinguishe(I by other ]>roperties. It destroys and digests easily 
many microorganisms, hut has little or no .actj^ni upon the red blood 
corpuscles and other animal cells. Tiic exudations which are rich in 
maeroi)l»ai‘es, %uch as those of tlu? lym]dioid organs, are not at all 
or only slightly bactei-icidal, but exhibit a solvent action on red 
blood eoj‘i)usel(‘s. On the other hand, the exmifitions, which are 
comj)osed in great part of micro])hagcs, leave red blood cor))usclcs 
intaet, but i*ea<lily destroy inicr<)-<)rganisms. Similar properties dis- 
tinguish the )>oiie marrow, extracts and snspensions of whicli do not 
diss(dvc' red eorpuscles, but attack micro-organisms. Now, wo know 
tint the bone mari'ow is th(‘. princi|)al seat of origin of the micro- 
j>liagos. 

Ihen after tlie addition of some of tlic specific fixative to the 
mi(‘roi)luigic exudations no solution of tlic red eorpuscles is pi'oduced, 
which demonstrates most clearly that the mici'ocytase is really in- 
capable of attacking these animal cells. 

We ai*e, therelbre, comj)elled to ac(‘cpt the existence of two 
dillcrent cytases, of which one (the macrocytase) acts S|>ecially upon 
elements of animal origin, and the other (the microcytase) acts 
I>rineipally on miei’o-organisins. Tlie iiulicalion of any more de- 
tailed dili'erenliations is impossible in the present state of our 
knowleilge. 

There are certain ferinoits Avhich, during tlie life of the cells 
which prodiu'C them, pass readily into the surrounding fiuids. For 
instance, snerase can be recovered without ditlieulty from the eidturo 
fluid of moulds and yeasts. The ferments of tin! intestinal digestion 
also pass witli great facility into the secretenl fluids. Otlier soluble 
ferments, on tlic other hand, remam very closely bound iij) with the 
cells Avhich manufacture them. Thus the zymase of the yeasts can 
only be freed from the cells of these fungi with great difliculty, under 
the influence of great pressure and under conditions which pro- 
foundly alter the cell. The proteolytic ferment of the yeast is also 
very adherent to the cqIIs of these organisms. The fibriii-fermeiit, or 
jilasmase of the Avhite cor])uscles, is not secreted by these cells so 
long as they are quite intaet. Jiiit it is sullieieut to subject them to 
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iinfjivourablc conditions of existence to cause them to tlirow it out 
from their bodies. The leucocytes, when removed #from the animal, [ 
undergo a deterioration which soon leads to the deposition around 
them of filaments of fibrin. 

TJie cytases must also be grouped with *tbo solidile ferments which 
are not thrown otf by the pluigocvtcs so long as these remain intact, 
immediately these cells are injured, however, they allow a ])art of 
their eytases to esca))e. In the blood, withdrawn from tiie animal, 
the white corpuscles allow the plasniaso to pass into tJie fluid, Avhere 
it sets up tlie coagulation of the fibrin and the formation of a clot 
At the same tim,^ tliese cells give up some of their eytases which 
comniunicate to the sennn its haemolytic and l)actericidjd properties. 
This fact is of the highest importance in connection with the ((uestion 
of immunitNA The best deinonstratioii of tins has been furnished 
by a eon»parison of the baetericidid power in the different i)arts of 
the l)ody and in tlie body fluids extracted from the animal. 

WJjcn micro-organisms are introduced into those situations in the 
refractory animal which contain ])rc-existcnt leiicocyb^s, l^u.> leuco- 
cytes, under the influence of the shock, undei’go serious lesions, 
accomi>anied by the throwing out of the cytases. Under these con- 
ditions the least resistant nuero-orgaiiisms (such as tlie eholei'a vibrio) 
exhibit undonial)Ie signs\)f deterioration: tlicy become transformed 
into granules and may even die in gi’catcr or less numbers. When, 
however, the leneocytes are well protected ami withstand the in- 
jection of tlie micro-organisms witliout l)eing ivrofoundly altered, the 
extracellnlar desti'uction of the miero-organisms docs not take place^ 
On the contrary, a very rapid phagocytosis is ] produced wliich brings 
about the death and intracellulai’ digestion of these micro-organisms. 
Under these conditions vibrios are also transformed into granules 
and perish, but only wltliin the leucocytes. The plienonKn)a I have 
just mentioued are* brought about iu the peritoneal cavity o,nd in 
the t>lo()d vessels of refractory animals, that is to say, in situations 
rich in leucoeytes. 

In the subeutaneons tissue, in the fluids of oedemas and in the 
anterior chambci’ of the eye of tliese same refractory animals, tlie 
phenomena are very different. As in these situations there are no 
pre-existing leneocytes or their number is iusigiiificant, tlic micro- 
organisms introduced do not suffer serious ipjuiw ; tliey continue to 
live up to the moment when the leucocytes, having come up as the 
result of the inflammatory reaction, seize Them alive, kill them, 
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[ 570 ] and digest tliein witliiii tlicir substance. Just as it is easy, ia 
situations po{)uhted by pre-existing leucocytes, to suppress tlie 
extracellular destruction of the iiiicro-organisins by preserving the 
phagocytes against injury or phagolysis, so this same extracellular 
destruction is easily set uj) in situations ^vhei*c leucocytes are absent. 
When, after exudations rich in leucocytes have been injected into 
the subcutaneous tissue, introduce micro-ofganisins which are not 
very resistant, such as the cholera vibrio, it is observed that these 
vibrios are dcfitroyed outside the cells, having first been transformed 
into granules. 

There can be no doubt as to the conclusion to bodrawn from these 
various expeiiinents. The microcytase is the substance which trans- 
forms the vibrios into granules. It is within the microphages, when 
they remain intact, that the vibrios undergo transformation. When, 
on tlie otlier liand, the microphages are injured and allow the micro- 
cytase to escape, the transformation of the vibrios into granules 
and their partial destruction take place in the plasmas outside 
the phagocytes. 

This conclusion is supported by comparative researches on the 
bactericidal power of the seriun and of the blood idasma outside the 
animal. It is true that it is imjmssible to prepai’c a, iluirl which 
sliall in all resj)ects be comparal)Ie to the ])lasma of the circulating 
blood. Tliere is, liowever, always a means of obtaining outside the 
animal a fluid whicli ai)j)roaclics much more closely to blood plasuja 
than does serum, (leugoii succeeded in preparing in tubes coated 
interually with parafiin a fluid which coagulates very tardily, and 
which contains very little fibrin-ferment. Tin's fluid is found to be 
much loss bactericidal than is the blood serum of the same animal. 
It is, indeed, often found to be entirely without bactericidal power, 
whilst the c()n’esi)ou<ling serum is capable of destroying a large 
number of micro-organisms. ^ 

In the phenomena of the absorption of cells also a great number 
of facts are met with which demvmstrate that the macrocytase 
escapes from the macrophages at the moment of tlieir pliagolysis 
only. For cxam])le, tlie extracellular solution of tlie red corpuscles 
takes place easily in the jieritoneal fluid of animals prepared by 
a previous injection of the same corpuscles. Wlien the leucocytes 
of the iieritoneal cavity are abandoned to their fate, a marked 
lihagolysis is i)i*odiiccd and consequently a solution of the red 
cur[mscle8 in the fluid itself When, on the othei- luiiid, pliagolysis 
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is prevented, the macrophages remaining intact do not allow their [577] 
macrocytase to escape and the solution of the red* corpuscles takes 
place almost exclusively inside the phagocytes. 

In certain animals tlie Idood scrum arrests the movements of their 
own spermatozoa at once, whilst these remain quite motile in the animal 
itself. This is due to the fact that the immobilising macrocytase 
is contained within thf macrophages and does not escape From them 
so long as these cells remain intact, ^yhen, in such animals, their 
own spermatozoa are introduced into the subcutauechis tissue, they 
remain motile for a long time ; when, on the contrary, the sperma- 
tozoa are injected into tlje peritoneal cavity, where the leucocytes 
have not been pre[)are(l, ])hagolysis is ]»roduced at once and the 
spermatozoa become motionless immediately. 

As all these data agree in demonstrating that the uninjured 
phagocytes retain the cytases — which remain within them, and are 
not found in the surrounding fluids, — we can readily understand tiie 
reason for the diftercuces between the phenomena of imuyinity and 
the bactcrici<lal j)ower of the body fluids, 'fhe rat’s serum is capable 
of destroying a large nundjcr of anthrax bacilli, although these 
rodents are certainly susceptible to anthrax. Tlie reason for this 
is that in the serum of the lut the bacilli are destroyed by the 
microcyhise which is set at liberty, whilst in the body of the animal 
it remains enclosed within the bodies of the living microphages. 

So long as these cells e.xhibit a negative chciruotaxis against the 
anthrax bacillus, the micro-organism remains in the plasma, where 
it is not interfered with. Thanks to this, multijdication of the bacilli 
goes on in the body of the animal, the micro-organism killing it after 
becoming gencnxlised in the l)lood and in the organs. The suscepti- 
bility of the leucocytes is, then, the cause of the death of the rats 
from anthrax, the organism of these rodents being unable to take 
adjVantage of its richness in bactericidal microcytase. 

Another paradoxical fact is met with in guinea-pigs immunised 
against Oamaleia’s vibrio (F/Arw metclmikovi). As demonstrated by 
von Behring and Nisseu, the blood serum of these guinca-jiigs is 
very liactericidal for the vibrio in question. A contact of less than 
an hour is quite suHicient to destroy large numbers of the micro- 
organisms. Nevertheless, when a small dose of a culture is injected 
subcutaneously into these hypervaecinated guinea-pigs, the vibrios 
remain alive for several days, iqi — indeed, to the moinent when they 
are ingested and destroyed by the leucocytes which come up in large 
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numbers to Ibe menucod spot. This iippareut contnuliction is easily 
explained by the^fact that it is in the serum only that the vil)rios en- 
counter tlic microcytase, which has escai)e(l from the microphages at 
the time of the formation of the clot and the sei»aration of the serum. 

8] Alongside those cases in which tlie serum of suscei)tible animals 
is found to be very bactericidal, exam])les arc not wanting where 
the blood and tlic sei’um of ladVactojy animal^s are entirely without 
this power. For instance, the pigeon is refractory to IMeilfer's 
intlucnza bacilfus, but tlic blood of the pigeon forms the best culture 
medium for this micro organism. The dog is refractory to the 
anthrax bacillus, against whicli the blood serum of^Ahe same animal 
is not at nil l)acterici<lal. The cause of this absence of i)arall(dism 
between immunity and the bactericidal jiower ot the scrums must be 
sought in the <lilliculty with which the cytases escape from the leuco- 
cytes, and also in tlie modifications whiidi they may undergo, once tliey 
are distrilmted in the tluids. 

In cases of natural immunity, the cytases rid the animal of the 
micro-organisms witliout the sligiitest observable co-o])eration on tiie 
])art of other sohdilc ferments. It is im])Ossible to settle dermitelv 
even tlie (juestion whether, in animals Avlncli eiijf)y this innate inv 
nnmitv, there exists, alongside the microex tase, any ferments which 
(nine to its aid. The conditions are quite otherwise in a very large 
nnmber of* cases of aeqnire<l immmdty. Here it is found, as a fairly 
g(‘mTal laih', that in addition to the microcytases there exist otlier 
sidistances wliose role in the defensive action oilcrcd by the animal 
a<rainst micro-organisms is very iinjiortant. These sidistances ai'C 
lixatives wliicli eo ()[)erato in a remarkable fashion with the bacteri- 
cidal action of the cytases ; Imt whilst these latter injui'c the 
bacterial cell directly, the fixatives do not interfere with its life. 
The bacteria, permeated by fixatives, may even continue to rei)r()dnce 
themselves ami, under certain conditions, to iuvatfe the animal. The 
fixatives, then, are not bactericidal, but by fixing themselves upon 
the mii'ro-organisms they render t%em much more susce])til)le to 
tlie bactericiilal action of tlic microcytases. These latter are fui’tlier 
distinguished, in several other .respects, from the cytases. The 
fixatives must jdso be classed with the group of soluble ferments, 
but tliey resist much higher temperatures than those which destroy 
the cytases. Wliilst tlje latter are quite destroyed at 55"^^ C., the 
fixatives, to be coiiqiletoly altered, must be heated to beyond 60"' C. 
and even 05' 0. On the other hand, the lixatives are distinguislied 
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by a high S])eeificity winch is never observed in tlie cytases. 
majority of the fixatives are incapable of fixinf^* themselves ui)ou 
more than a single species of bacteria or ii])on a single class of 
animal cells, and ofily certain of them can fix themselves n]>on [5 
allied species or cells, such as the red corpuscles of several s])ecies 
of animals. In these cases, too, there exists a shaq) ipiantitative 
dilference between the fixation on the difierent formed elements, 
■riic same mierocytases are, on the otJier hand, abl(‘ to attack all 
kinds of micro-organisms, and the same niaerocytases*attack all kinds 
of animal cells. 

We have seeji that the cytases correspond to the zymase and to 
the ])rotcolytic <liastase ot' tlie yeasts in the sense that all tltese solvdde 
ferments adhere with tenacity to flic cells which produce tliem and 
contain them. The fixatives, in this res]>ect, a|>|)roach snerase 
(invertin): these various soluble ferments ])ass ri^adily into the fluids 
which batlic the cells tliat jirodnce them. The fixatives are found 
not only in the blood serums, preiiared outside the body, but also in 
the blood plasma, whence they pass into tlie fiui<ls of the exudations 
and transudations. Wliilst no cytases are found in tlie snlicntaneous 
tissue, or in the clear fluids of oedemas containing no, or almost no, 
cells, fixatives are not abs(mt from these various situations just 
indicated. For this riiason, when micro-organisms are introduccil 
subcutaneously, they are not found to be altered by the cytases, 
but it is easily seen that they are permeated with fixatives. 'J’he 
same rule apjdies to the fixatives of the animal cells. In the 
example we have cited, tlie s])ermatozoa, in an aninud wlioso serum 
renders these cells niotionless, remain (piite motile in the e[>ididyinis 
ami lielow tlie skin. From this fact it may bo concliuled that these 
situations contain no free niacrocytase. It is suilicient, however, to 
add to these motile spermatozoa a dro|> of normal serum contain- 
ing niacrocytase Ho stop their movements at once, the fixative 
being well distributed in the plasma of tlie living animal. The 
spermatozoa, then, were seusildlised by the lixative which was found 
in both the epididymis and in tlie subcutaneous tissue. 

The cytases are solidilo feriucuts Avhich are essentially intra- 
eelliilar : the fixatives are, on tlie other iiand, soluble fennents 
which are humoral. Tliese iixatives, liowcver, although circulating 
in the plasmas, are undoubtedly of cellular origin. Tliis fact was 
first demonsti’afed by Pfeifier and Marx, who found the spt'cilic 
fixative of cholera vibrios in the “ haematop’oictic organs, ^ that is to 
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say, ill tlie spleen, lym})liatic glands, and bone marrow, at a period 
[ 580 ] when there was, « as yet, none in the blood. This fact has been 
extended to other examples of fixatives of micro-organisms, and it 
cannot be questioned that the phagocytes jiroduce these soluble 
ferments. Under the influe*nce of tlie introduction of micro-organisms 
into the body, a phagocytic reaction is produced w'hicli has, as a 
conseapience, the digestion of tliese micro-orfjanisms and tlie pro- 
duction of corresponding fixiitives. There is every reason to believe 
that, in these*, cases, it is the microphages which, seizing and 
digesting the micro-organisms, jiroduce the fixatives. 

But the macrophages are also capable of pro/lueing these ad- 
juvant ferments, l^ven in normal animals the macrophagic organs, 
such as the spleen, and espcci;?lly the mesenteric glands, contain 
fixatives which help in the solution of the red blood corpuscles. 
Into this grouji of facts we must also ]>lace the production liy the 
mesenteric glands, as w^cll as by certain other lymidioid organs, 
and tlie leucocytes of exudations and the blood, of enterokynase, — • 
the soluble ferment which aids the digestive action of trypsin. 
This enterokynase is also a species of fixative ; it permeates tlie 
flakes of fibrin and renders them much more accessible to the in- 
fluence of the trypsins. 

The fact that the enterokynase of tlie intestinal digestion corre- 
sponds in so many respects to the fixatives which act in the 
absorption of formed elements in general and of niicro-organisins 
in particular, furnishes a further proof that the destruction of niicro- 
orgauisuis in the animal is an act similar to true digestion. 

Phagocytes, those elements which acconiplish the absorjition of 
micro-organisms and of animal cells, those holders of digestive 
cytases, are also the manufacturers of fixatives. Having brought 
about this absoi-jition, the phagocytes set to work to elaborate large 
(quantities of fixatives, although they are lyiable to increase the 
amount of cytases in any marked degree. The fixatives, jn-oduced 
in abundance, can be excreted outsiih? the jihagocytes and pass into 
the blood jilasma, and, with it, into the fluids of exudations and 
trail sudations. But this excretion is not an indispensable act for the 
functioning of the fixatives. As these ferments preqiare the way 
for the digestive action of the cytases, it is necessary only that they 
should be able to fix themselves on the formed elements before tlie 
latter. It is, therefore, easy to explain cases of acquired immunity 
in W’hicli no fixatives are found in the body fluids. Such examples 
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are not rare, and are characterised by the absence of any ])rotcctive 
action on the part of the blood serum. In these aases, tlie fixatives, [6SlJ 
whose existence is very probable, remain lodged within the phago- 
cytes, just as are the cytascs. Within these digestive cells the 
fixatives may quite well fulfil their preparatory rule, this being 
followed immediately by the action of the cytase. The same rule 
may ajiply also to tlie cases of absorjition in tlie unprepared animal, 
where fixatives are not found in the blood sernm, but where they are 
able to act within phagoiytes. * 

The exo'etiou of fixatives into the plasmas, wliich constitutes the 
rule in cases of, ac(]uired immunity, presents an analogy with the 
excretion of pepsin into the blood. This soluble ferment ca,u and 
docs pass habitually from the stobiaeli into the blood iind thenc'e 
into the urine, where it is often met with. As the pepsin, which only 
acts in an acid medium, cannot be utilisial in the alkaline blood 
plasma, it is evident that its excretion is only the conse(]uence of a 
too abundant over-production. 

In recent years great attention has been paid to the essentitd 
mechanism of the action of fixatives on the formed elements on the 
one hand, and on the cytases on the other. According to Ehrlich, 
the fixatives arc bodies intermediate between the two. In pos- 
session of tivo liaptophore molecular groups, they arc capable of 
entering into chemical combination with the micro-organisms or 
the animal cells on the one hand, and with the cytases on the other. 

It is for this reason that Ehrlich applies to them the name of 
“amboceptors” or “intermediary substances.” Based on analogous 
examples in organic chemistry, Ehrlich tliiidis that the fixatives 
serve to introduce the cytases into the cells upon whicli they have 
to act. Bordet does not share this view' and maintains that the 
action of the fixatives is not a chemical action in the proper sense 
of the word, but i^a kind of monlanting which sciisibilises the formed 
elements to the fermentative action of the cytases. Accoriling to him, 
the fixatives have no affinity -for the cytases and in no way serve 
them as internicdiarics, for which reason lie gives to them the 
name of sensibilising substances. The ipiestiou is still under 
discussion, but we may hope that it will soon enter into its final 
lihase. 

According to Ehrlich’s theory, the fixa,tives contain no jiroduct 
coming from the micro-organisms or from tlie animal cells upon 
which they are fixed. 1'he fixatives are,’ according to him, side- 
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cljainis or recc])tors, produced in excess and expelled into tlie blood 
82 ] jilasnia by the cell?; which produce them, Ehrlich does not tell us to 
wiuit category these cells belon.jr ; he luaintains only that these cells 
must be in ])ossession of rece[>tors endowed with a specific alliiiity 
for certain molecular groups of micro-organisms and of animal cells. 
As soon as the rece])tors arc saturated by these molecular groups, 
tlie cells which make use of the former for then* nutrition produce 
them in superabundant quuirf-ity. The cells of animals, treated with 
iiiicro-orgaiiism^? and their soluble products, or M'ith red blood 
corpuscles or any other kind of element of animal origin, ac(iuire 
the ])roi)erty of elaborating more and more of tlu^ corresponding 
receptors, a large proportion of which are exi)elled \nio the blood 
plasma. 

The common ])oint between Ehrliclrs theory and the view main- 
taiiicd in this work consists in the admission of a cellular propert} 
which develops more and more in proportion to the treatment of the 
animal by formed elements of all kinds. As, in acquired immunity 
against micro-organisms, tlie fixatives are most fj^ecpiently found in 
the body rtnids, it must be coneliided that, in all these cases, the 
colls whieli produce them have become adapted by a kind of 
edueatiou to manufacture iiicroasiug (|iiautitios of fixatives. But 
even iu those exanq)les of acipiired immunity where iixalives are 
not found in the plasmas, we must accept a mollification of the cells 
wliich resist the invasion of micro-organisms. These changes in the 
cellular ju’operties coustitiite, therefoie, the most general, and conse- 
quently the most important, element iu ac(]uii'cd immunity against 
micro-organisms. 

As already inentioned Ehrlich does not assign any ])ositiou to 
tlic cells which exhibit these modificaiious. It must, however, be 
accepted (liat they belong to the category of plmgocytes. Indeed, 
the phagocytes put themselves into most inti;nate contact witli the 
micro-organisms and foreign aniniai cells, and it is iu tlie phagocytic 
organs that the fixatives are found' before they arc met with in 
tlie blood [ilasma. It may tlien be concluded that, iu acquired 
irmnuuity against micro-organisms,'' the iiliagucytes become adapted 
to elaborate the fixatives in large quantities, of which a portion is 
excreted into tlic body ilviids, as has been shown in many examples of 
sucli immunity. ^ 

Tho progressive adaptation of the pliagoeytes in intracellular 
digestion can be demonstrated by the fact tliat in an immunised 
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animal the fixatives are found more especially in the phagocytic 
organs. The leucocytes which digest gelatine cx,lnl)it in an even [58:> 
more distinct fasliion the modification of these cells in animals which 
have received several injections of gelatine. The leucocytes ot‘ exuda- 
tions, wlieu the fluid is removc<l, become limch mure fitted to digest 
the gelatine tliaii they were at first. 

A similar adaptation is also observed in intestinal digestion, wliicli 
may serve as a freslf point of comparison between the intrac(dlnlar 
digestion of the iihagocytes and the extracellular digestion in the 
intestines. Tlic pancreas, in order to secrete its soliddc fcrincnts, adapts 
itself to tlie nature of the food which passes into the digestive canal. 

The fixatives are not the only solidflc ferments which aj)])car in 
large quantities in the fluids of tli»i immunis('d animal. Very often 
there are found along witli iJiem substances which agglutinate the 
micro-organisniB in animals which have received several injections of 
micro-organisms of the same or an allied species. The sa,mc fact 
is ohserved in animals treated with animal cells. Tims the fluids 
of animals injected with blood corpuscles become agglulfnative for 
these corjmscles. 

T!]c analogy between the agglutinins and the fixatives is so great 
tliat for some time several observers assumed them to be one and 
the same substance. This can no longer be upheld, for it is clearly 
demonstriited that the property of the body fluids to agglutinate 
micro-organisms and animal cells is diflbrent from that which brings 
about their jicrmeation by fixatives. The agglutinins resist the 
same tcmiieiatures as the fixatives; both are sjK'cific to the same 
degree and ])ass equally from the cells wliich produce them into the 
])lasmas of tlic blood, lymph, exudations, and transudations. The 
agglntinius capalfle of clumping tlie foniKal elements into masses 
may, under certain conditions, render their ingestion l>y the pliago- 
cytes more easy.' hi general," however, the jiart iilayed by the 
agglutinins in acipiiix'd immunity must be regarded as of little 
im])ortanee, and for that ]*easy>Tn we abstain from basing any tlieory 
of this immunity on the agglntinafive property of the body fluids, 
llesides fixatives and agglutinins^ the fluids of an animal which lias 
ac<{uired immunity very probably possess other projiei-ties which 
must have a greater or less function in ac(piire<l immunity. Tims, 
wo are often struck by the stimulating aetioii of these fluids on the 
normal animal into which tliey arc introduced. This stimidatiou is [581 
especially manifested against the phagocytic* reaction. 
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As, in tlie niajoi*ity of cases of acquired irnmimity, the blood 
serum contains fixatives in considerable proportion, and as these 
fixatives aid the action of the cytases in a remarkable fasliion, we 
can readily understand that the introduction of sucli a blood serum 
into a normal animal, unf)rej)ared by any vaccination, may bring 
about a great resistance against tlie corresponding pathogenic micro-' 
organisms. The fixatives, injected with tlie serum, fix themselves 
with avidity u])on the m^ci-o-organisms. Tfiese organisms may 
become a morp ready prey to the i>liagocytes and be destroyed 
very rapidly. In [)articular cases, wliere the injection of microbial 
cultures sets up a phagolysis, enough cytases are thrown out to 
affect the microbes already sensibilised iTy the fixative. This is 
followed by a refractory couditi<1n of the animal proportionate, in 
general, to the amount of fixative serum that is iiijeeted. This 
kind of ac((uirod immunity, conferred by serums or certain other 
body fluids rich in fixative suhstauces, has often received the name 
of j)assivc inummity. This term is only justified in those rare eases 
where th(5 introdneed serum itself contains a sufiicient amount of 
cytases to destroy all the micro-organisms. Most often it is tlic 
normal animal which has to furnish this bactiaaolytie ferment. 
Now, as in phagolysis the quantity given off is too small, it is to 
the co-operation of the hohlers of cytases,’ that is to say, to the 
phagocytes, that tlie animal must have recourse. The |>hagocytes, 
being susc(>ptible cells, their co-operation can only be counted upon 
in cases wliore they exhibit a sufiicient activity. When these 
elements are weakened by narcotics or by any other cause, they 
become incapable of intervening with eflicacy and the animal falls 
a victim to the ])athogenic microorganisms, in s[)itc of the more than 
siiifirient amount of fixatives tliat was introduced. 

In natural or acquired immunity, it is the resistance of the animal 
against the micro-oiganisms which 'plays the principal part. The 
introduction of toxins ready prepared is only done under ai*tificial 
conditions, as in laboratory experiinduts. Hence w^e see tliat, under 
natural conditions, it is against the penetration of the micro- 
organisms that the animal must bu iirotected. So soon as these 
liroducers of ])oisous can nd longer maintain themselves in the 
immunised aninud their toxic secretions do not come into play. 
It is for this reason that animals vaccinated against pathogenic 
micro-organisms do not sutter from intoxication, although they are 
[5S5]by no means insusceptible to the microbial poisons. It is a fact 
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of the highest importance from the point of view of immunity in 
general, that the resistance oflered to micro-organisms in no way 
implies insusceptibility to their poisons. The view has frequently 
been expressed that, in acquired immunity at least, the aninnil must 
first acquire immunity against the microbial toxins, after which the 
micro-organisms, de])rived of their principal weapon, descend to 
tlie rank of inoflensive saprophytes. Such cases may be found, 
but it is none the less true that immunity against micro-organisms 
may be acquired independently of that against the toxins, and that 
this constitutes tlie genei’al rule. 

Immunity is nqich more readily acquired against micro-organisms 
than against tlieir toxins. Hence, antimicrobial vaccination was 
accomplished by science before that against their toxins. In the 
early researclics on this subject antitoxic immunit} api)eared to 
be very diflicult of attainment, and it was only after tlie discovery 
made by von liehring, who inaugurated a new path in microbiology, 
that better results were obtained. Von Behring not only suc- 
ceeded in immunising animals against some of tlie jirincipal microbial 
toxins, he demonstrated the existence of specific antitoxins in their 
body fluids. 

This very unexpected conception of antitoxins at once took root 
in science, for it has been jiossible, thanks es|)e(jially to the remark- 
able works of Blirlich, to extend it to toxins of non-microbial origin. 
Wc are already acquainted with a certain number of antitoxins 
which, however, are not com|)arable in number to the otlier 
antibodies. Amongst these, the fixatives have many points of 
analogy with the antitoxins. Like them, they arc resistant to licat : 
they exhibit also a fairly marked specificity, ami, like the fixatives, 
they are distributed in the plasmas. 

In the presence of so many points of similarity wit h the fixatives, 
one is tempted to itttribute to the two categories of antibodies the 
sanie origin. The elalioration of antitoxins by the pliagocytic 
elements, accumulated In the blood Jind disseminated in tlie organs, 
ajipears, in fact, to be very probable. ( -ertain facets bearing on 
the absoriition of various toxins by the leucocytes, as well as the 
distribution of antitoxins in the animiil body, speak in favour of 
this view. On the other liand, the impossibility of attritmfing the 
elaboi'atiou of antitoxins to cells attacked by the correspomling 
toxins is quite in harmony with the same hypothesis. This hypo- 
thesis is especially supported by the mimeroui4 facts which prove the 
B. » 30 
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readiness with which the leucocytes react against all kinds of 
poisons, microbihl or other toxins, as well as against organic and 
mineral poisons, such as the alkaloids and the arsenical combina- 
tions. However, in spite of so many data which speak in favour 
of tlie phagocytic origin of antitoxins, it has been impossible to 
support this view by rigorous facts easy of interpretation, such as 
those which science possesses in support of tlje pliagocytic origin of 
fixatives. • 

The antitoxins liavc acquired a very great importance in the 
artificial cure of toxo-infective diseases, the aim in tliese cases being 
to paralyse tlie action of the toxins already produced by the micro- 
organisms and absorbed by thcjiliseased animal. But tlieir function 
is less in the protection against diseases where tlie object to be 
obtained is a reaction against the inicro-organisms before tliese 
are aide to inundate the animal with their toxic secretions. It is 
for this reason that the immunity against toxins must, in the study of 
immunity, occupy a less preponderant place than does the immunity 
against micro-organisms. 

As the micro-organisms placed in the refractory animal ultimately 
undei-go a digestion by chemical substances elaborated by the phago- 
cytes, so also the toxins undergo a chemical modification due to the 
presence of substances in the production of which the living elements 
of the animal play a large part. The direct action of antitoxins on the 
toxins, so well demonstrated, esjiccially by EluTiclds investigations, 
does not, however, exclude the intervention of living cells, wliich, 
though sometimes not very manifest, is in other cases very marked. 

The reaction of the living elements against the microbial toxins 
and their allies leads to the jiroduction, and even the over-production 
of antitoxins. According to Ehrlich, these elements are the receptors, 
or side-cliains, which, to a cert 4 in extent, |)re-exist in the cells 
which are capable of elaborating the anti4)xiiis. On entering jnto 
comlunation with the toxin molecules, the side-chains, Avhich are 
iiulis[)ensa,ble for the nutrition of the cells, are reproduced in very 
large numbers. After having saturated, so to speak, the productive 
elements of the antitoxin, fhc i?uperiluous side-chains escajie from 
the cell and pass into the plasmas of the body fiuids. This theory 
may be brouglit into harmony with the other theory, which niaiutains 
that certain elements of the animal, capable of acting on the complex 
molecides of microbial toxins and their allies, produce special soluble 
ferments, whieli digest the toxins whose iutroduction frequently 
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excites the liypersecretion of the ferments. Here we have some- 
thing similar to the hypersecretion, by the glands of the stomach, of 
pepsin, a part of which passes into tlie blood in order to escape with 
the urine. 

According to Elirlich’s theory, the antitoxins are only capable of 
neutralising the injurious action of toxins when the funner are found 
dissolved in the body fluids. The same receptors wlvich fix the 
toxins in the plasmas and thus prevewt tliem from reachiiig the 
susceptible elements, bring about an opposite result when they are 
found inside the colls. In this latter case, the receptors, owing to 
their great affinity for the ^oxins, attract them and allow them to pass 
into the cells, in this way aiding the dangerous function of the toxo- 
phore group. 

This is an ingenious idea, conceived to bring into harmony 
a certain number of observed fiicts. In the present state of our 
knowledge it cannot be subjected to j*igorous experimental test. 
Many well-established facts, however, are not in complej^e accord 
with tliis hypothesis. According to it tlio antitoxic immunity 
resides exclusively in the body fluids ; the living cells, instead of 
acipiiring immunity, become more and more susceptible. Under 
tliese conditions it is difficult to conceive of an immunity against 
poisons of the simplest organisms ; nevertheless, this certainly exists. 

A plasmodium, wliich becomes adapted to all kinds of toxic sub- 
stances, ac(iuires an immunity against tliem, and this is due to 
changes taking place in the living elements ; it is not tlie result of 
modifications in the toxic fluids which bathe them. This biological 
adaptation is observed in the case of pliysical factors which may 
interfere with the life of these primitive organisms. 

On tlie otlier hand, it must be accepted that the living cells of a 
complicated aiid higher organism may also accjuiie immunity against 
t()>.ins. The first exam]4e of this kind was shown in relation to the red 
blood corpuscles of mammals vaccinated against the toxic serum of 
the eel. IVdiilst the body fluids of immunised rabbits become anti- 
toxic, their red blood corjuiscles, when comjdetely freed from the 
serum, in certain cases resist the action of the cefs serum. It 
must be admitted that in this example wc have an acquired immunity 
of tile cells similar to that met with in lower organisms, 

A second example of the iminunity of the red corpuscles was 
olisei’ved by Elirlich and Morgenroth in goate^ [irepared by injections [5SS] 
of the blood of other individuals of the same s^jecies. In this case, 
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according to these writers, no co-operation by antitoxin is met with. 
The body fluids of the goats do not become capable of neutralising the 
toxin of the haemolytic scrum, whilst the red corpuscles themselves 
acquire an immunity against this toxin, an immunity entirely cellular. 
Ehrlich attempted to penetrate into the essential mechanism of the 
resistance of tiie red blood corpuscles on the supposition that these 
corpuscles, instead of reproducing their receptors, as when there is 
production of antitoxin, get rid of them entirely. Deprived of 
receptors, thcA’'- can no longer be affected by the haemolytic cytase 
which, as Ehrlich maintains, oidy penetrates into the red corpuscles 
owing to the affinity of the intermediate substance^ (fixative) for the 
receptor. This hypothesis of the mechanism of acquired cellular 
immunity scarcely accords with tlie hypothesis of the special function 
attributed to the receptors in tlie nutrition of the living elements. 

Cellular immunity can bo most easily demonstrated in relation to 
the red corpuscles of the I)lood, as these elements are very numerous 
and are ijapable of being isolated and treed from the fluid in Avhich 
they arc bathed. For this reason, science does not as yet possess 
sufliciently exact data on the immunity of other cells in higher 
animals. Many facts, how'ever, indicate that such immunity does 
exist. There arc, indeed, living elements which only ac(iuire immunity 
w'ith great dilliculty and very slowly. Such arc the nerve cells, 
elojnonts wliich are specially .susceptible. Von Behring has strongly 
insisted on the fact that in animals subjected to repeated injections of 
bacterial toxins, the nerve centres not only do not become accustomed 
to their injurious action, but even acquire a hypersnsceptibility which 
is often very great. The observation is perfectly accurate, but it is none 
the less true that this period of exaggerated susceptibility is follow’ed 
by anotlier, during which the susceptibility becomes less marked and 
ends by giving place to a true ada^itation. We are, therefore, com- 
pelled to acce[>t the fact that even the nerve tells are no exception to 
the general rule, but tire able to ac<(nire a diminished susceptibility to 
a poison. 

Several fa<;ts of another scries confirm this coiiclusion. In the 
study of the action of the neipmus*^ system one frequently has occa.siou 
to observe instances of adaptation. I will cite as an example 
[5sy] the adaptation of animals to spinal concussion studied by Lepineh 
By percussing the lumbar region of rabbits and guinea-i)igs w'e may 
induce iu them an imjinediate parapleghu This is transitory, and 
^ Vompt. rend. 6'oc. de biol., Paris, 1900, p. 385. 



Summary 


5G5 


lasts at most for a few hours. The phenomenon may be reproduced 
several times in tlie same animal. 'Mint/' remarks Ltqnue, ^Svlieii these 
exi>eriments are continued for several days or several weeks, striking 
always at the same level, we soon observe that the resistance of the 
animals to the blows increases very rapidly, and that excitations 
which, in normal animals, i>roduce paraplegias of several hours' 
duration, produce no^ efiect upon those which have been under 
experiment for several days.’' We ha'fc in this exami)le a real 
adaptation of the spinal region when subjected to concussion. 

Similar facts are known to eveiyone as an exi)erience of daily life. 

We can become lribituate(| more or less easily to all kinds of violent 
sensations. Light and very intense noises which, at first, excite 
exaggerated reflex actions are id timately perceived without setting up 
the least movement. Even in the psychical sphere habit dulls })ainful 
feelings, and it is very probable that a whole gamut of adaptation, 
starting from unicellular organisms Avhich accustom themselves to 
live in an unsuitable medium, up to cultured human beings who 
liabituate themselves to a disbelief in human justice, will be found 
to rest upon one and the same fundamental ]>roperty of living matter. 

Regarded from this point of view, immunity becomes a very 
genei*al phenomenon, [)a8sing far beyond the resistance offered by the 
animal to infective diseases. After all is said and done, it invariably 
reduces itself to that cellular susceptibility [irritability ] ivhich governs 
so many of the vital phenomena in plants and in animals. It is tliis 
siisce])tibility which impels the branch towards the light and the root 
towards the ground, and Avhich guides the spermatozoon towards the 
ovum. From the very commencement of embryonic life the cells 
derived from the segmentation of tlic egg exhibit a marked suscei)ti- 
bility. Willielm Itoux^ observed that the earliest cells of the frog 
einbry(j, if they are separated by artificial intervention, guided by 
tlu^ir positive cliemiota-xis again come together. In the formation of 
the tissues cellular suseeptibility jikiys an important undoulited role. 

The prolongations of the nerve cells direct themselves towards tlie 
organs of sense or towards the muscular fibres, according to their [rm] 
specific susceptibility^ The mother-cells of tlie capillary vessels are 
also guided by susceptibility, Avheu they go towards a iieAv-formed 

1 “Uel>er die Selbstordnung der Fiirclmngszollon/’ in BeriefUe d. natuncus. 
Vereins zu Innsbruck, 1893, Bd. xxi. 

“ ITerbst, BioL Centralbl., Erlangen, 1894, 1895, Bde.xiv, xv; Enrssniann, Ziegler’s 
Beitr. z.puih, AnaL, Jena, 1898, Bd. xxiv, iS. nC. 



f)G6 Chapter XV 11 

tissue, or when they appi'oach one anotlicr and come together in order 
to form a vasculal loop. 

The phenomena of the organism wliich bear the sharpest impress 
of tlieir pliysical and chemical nature, also come under the influence 
of cellular sensations/' Tims, in gastro-intestinal digestion, the 
secretion of the active juice is subordinated to the control of the nerve 
centres and even of the psychic centres. The fight of various kinds 
of food stimulates, uncons^oiisly, by reflex action the activity of 
diilerent digestive glands. In the same way tlie contraction of the 
contents of the cells of a |)lant subjected to i>lasmolysis, bi-ings about 
the secretion of acid in order to augment t^e osmotic pressure. 

Susceptibility, wliose part is so great in the plieuomena of 
immunity, taken as a whole, is a general property of living beings, 
regtdated by a common law. Thus, in the chemiotaxis of tlie lowest 
nniccllular organisms, as in the movements and the osmotic reaction 
of plants, tlierc is manifested the same psycho-i)h\ sical law of Weber- 
Fecimer Yhicli regulates our oavu sensations. 

z\ll cells jire able, by modifying their function under the direction 
of susceptibility, to adapt themselves to changes in the surrounding 
conditions. All living elements are able, therefore, to acquire a 
certain degree of immunity. But, amongst gll tlie cells of the animal 
body, the elements wliich have retained most independence — the 
l>hagocytes — most easily and first acquire immunity to infective 
diseases. Tliese are the cells which betake tliemselvcs to situations 
wliei'c micro-organisms and their poisons make their appearance, and 
whicli manifest a reaction against them. The phagocytes of the 
imnmne organism ingest and destroy micro-organisms and absorb 
toxins and other ])oisons. J'he liiial act of tlie reaction of the 
pliagocytes is (‘oiistituted by the chemical or chcniieo-pliysical pro- 
cesses eoneerned in the digestion of the micro-o,rganisms, with the 
help of cytases, assisted by tl)c fixatives ; riii the defence otfcced 
against poisons the phagocytes must also exert a chemical action. 

[5!)i] Before tlicse phenomena come into play, however, the pliagocytes 
manifest phenomena winch are purely biological, sucli as the per- 
ception of chemiotactic and other' sensations, the migration towards 
menaced situations, the ingestion of micro-organisms and the absorp- 
tion of toxins, and finally the secretion of substances to be utilised iii 
intracellular digestion. • 

Tlie immunity in infective diseases presents itself, therefore, as a 
section of cellular physiology, and esijecially as a phenomenon con- 
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cenied in the absorption of micro-organisms. This absorption being 
carried out by an act of intracellular digestion, the siudy of immunity 
comes into the chapter on digestion regarded from the general point 
of view. 

As in the struggle of the body of the animid against infective 
agents the phagocytes play the principal part, it happens that in 
certain diseases the micro-organisms in order to manifest their 
morbific effect mus? be protected tioni the attacks of tliese 
defensive cells. It is for this reason that the cholera vil)ri(), 
which is not very injurious when introduced below the skin of the 
human subject, becomes very formidable when it succeeds in gaining 
access to the digestive canal. Incajiable of maintaining a struggle 
against the phagoc\ies, the vibrio is* able to overcome in the stomacli 
and in the intestines without difficulty the obstacles whicli it here 
meets Avith. It is for this reason that the channel of entrance of tlie 
micro-organisms at times plays such a lU'ominent role in iinmunity 
against infective diseases. 


The question is often asked whether ft theoretical study of 
immunity is capable of rendering service in the seiirch for means 
of conferring immunity on the animal. It must not be forgotten that 
theory and pi’actice frc(|uently inarch side by side, but that sometimes 
they advance without very much regard for each other. Thus the 
first preventive inoculations against snake-bite, small pox, and pleuro- 
pneumonia, attem])tcd by laymen Avere evidently made indepcaidcntly 
of any theoretical ideas of any kind, but were guided by the purest 
empiricism. On the other hand, the theoretical researches on the 
nature and origin of ferments led to the discovery of vaccinations 
by means of inicro-orgimisms and rnicrobic products which liavo 
rendered immense services to ppictical medicine. 

^ The discovery of ajjititoxins, so rich in practiced a|)plications, was 
influenced by theoretical researyhes on tlie mechanism of inmuinity. 

Von Behring began his impol’tant scries of investigations on this 
subject Avith tho study of the immunity of rats against the antlirax 
bacillus. It did not suggest itself to ^anyone to suppose that tins [5.02] 
question could have the slightest immediate jiraetical interest ; never- 
theless, starting from this investigation, von Behring, after giving uj) 
the theory of the bactericidal property of the* body fiuids as a cause of 
immunity, advanced, ste|) by step, to the discovery of the antitoxic 
poAver of the serums. Wlieii a study of the properties of the blood of 
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aiuiinils treated with the red corpuscles of another species was coni- 
mciiced, no one A\r)uld have suspected that tliese researches would end 
in the discovery of new methods for the recognition of human blood in 
medico-legal researches, or in tlie interests of hygiene for the determi- 
nation of the source of a milk. The cellular tlieory of immunity is, as 
yet, of too recent date for us to claim the right to expect it to have 
amongst its assets methods for purely iwacticc^ application. Never- 
theless, it has already been Itjund to be of service in the investigation 
of problems vety closely aliecting medical practice. Lord Lister, the 
greatest surgeon of the nineteenth century^, asked himself liow it was 
that wounds could heal ^‘by lirst intention ipider ciMcumstanccs before 
incompreliensible. Complete primary union Avas sometimes seen to 
take [)lace in wounds treated with water-dressing, tliat is to say, a 
piece of wet lint covered with a layer of oiled silk to keep it moist. 
This, though cleanly when applied, was invariably putrid Avithiii 
twenty-four hours. Tlie layer of blood between the cut surtaces was 
thus exposed at the outlet of the wound to a most potent septic focus, 
llow’ was it prevented from putrefying as it would liave done under 
sucIj influence if, instead of lieing between divided living tissues, it 
had been between plates of glass or other iudiflerent material ? ’ 
‘‘Ilow' were tlie bacteria of putrefiiction ke))t from j)ro])agating in the 
decomposable film ? MetchnikolLs ]>hagocytosis supplied the answer. 
The blood lietwecn the lips of the wound became rapidly peopled 
with phagocytes which ke[)t guard against the jiutrefactive microbes 
and seized them as they endeavoured to enter. If phagocytosis was 
ever able to cope with septic microbes in so concentrated and intense 
a form, it could hardly fail to ileal efl’ectually with them in the very 
[503 1 mitigated condition in which they are iiresent in tlie air. We are thus 
strongly confirmed in our conclusion that the atmosidieric dust may 
safely be disregarded in our ojieratiojis; and jMetclmikoft's researches, 
while they have illumined the whole pathology ot' infective diseases, 
have beautifully completed the thgory-of antiseptic treatment in 
surgery.^^ (Eep. Brit dss., p. 2 /.) 

We may even attempt to increase phagocytosis in sui’gical opera- 
tions, especially in those on the pefitoneal cavity, by there setting up 
an artificial aseiitic inflammation, by means of various substances, 

^ ‘‘The Relations of Cliiucal Medicine to Modern Scientific Development,’^ a 
discourse delivered at Liverpool in September, lS9fi. Ree. acient., Paris, 1896, 
4*^ ser- t. Au, j). 481 ; [R^^p. Brit. Jss. Adv. London, 1896, p. 3 ; Brit. Med. 
Journ,, London, 1896, Vol. ii, p. 733], 
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inuocumis in themselves, which attract a large number of leucocytes. 
hi laboratory practice this method is in <laily use for the purpose of 
increasing the resistance of an animal against intraperitoneal injections 
of various micro-organisms, and Durham has suggested the extension 
of the same method to human medicinh. Cei‘taiii surgeons have 
already made attempts in this direction. 

The application of the cellular theory of immunity to researclies 
on ncAV micro-organisms of infective disesases has idready been crowned 
with success. Nocard and Roux have attempted toicultivate in the 
animal body tlie virus of the pleuropneumonia of cattle. They selected 
tlie rabbit, an animal naturally refractory against this infection. On 
the supposition that, in this immunity, the phagocy tes must j)lay an 
important part as destroyers of the [ucsiimed micro-organisms, the 
idea suggested itself to tliem to withhold the virus from tlieir voracity^ 
With this object they tilled sacs of collodion or of reed pith with 
])leuropneumonia virus, and introduced these sacs into the [)eritoneal 
cavity of rabbits. Some time after this operation these investigators 
were able to demonstrate in the contents of the sacs imi>regnated by 
the blood fluid of rabbits, immune animals, the develojunent of 
specific micro-organisms, the smallest disco vci’cd up to the [)resent. 

By means of cultivations of tliis micro-organism, obtained in suitable 
media, they worked out a metliod of vaccinating animals which, as 
mentioned in OhaiJter xv., has already begun to give good results in 
veterinary practice. This method has thus contributed to the pre- 
vention of diseases, a branch of knowledge which has made such great 
advances since medicine became an exact science under the inspiration 
of the discoveries and ideas of Pasteur. 

Within a very short period immunity lias been placed in |)ossessiou 
not only of a host of medical ideas of the highest importance, but also 
of effective means of combating ^ whole series of maladies of the most 
formidable nature* in ipan and the domestic animals. Science is fUr[o94] 
from having said its last word,^ but the advances already made are 
amply sufficient to dispel iiessimism in so far as this has been sug- 
gested by the fe^ir of diseases, and the feeling that are powerless 
to struggle against them. 
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Auiin, 3)1, 31", 310, 101 
Abriii intoxicaiiou, aGlioii of hofly lluuls on, 
BOo, 420 ; Jeucocvtic reaction against, 
BOB, 401 

Al>s(»r])tion. L'csotplion 

Acai’i, meciisinical action of, B 
Acclimatisation. See Adajilation 
Acid reaction inside i)liagocy tes, K.B, 182 
Acid, secretion of, in osmosis, B7, otiti 
Acidophile inierobitin of sU>macli, 418 
Actinians, digestion in, oB, 82, 8B 
Actinodiastase, o7. 107 
Art/ino])]tyy^, 14, 18 
Adaptation. Hen also Immnnity 
Adaptation ‘to toxic substances, 21-27, BO, 
B42, BOO; to saline solutions, 2B, BO, 
BIB; to physical conditions, 20, BO-Bl ; 
of plasmodia to arseniems acid, B.l ; of 
pancreatic secretion to lvin<r of food, 01, 
(io ; of plnigoej'tes to destroy micro- 
organisms, 281, BBS, BOG; of animals to 
spinal concussion, etc., BG4; of cells, BIB 
Addimeiit (syn. Ooinplcinent), 95 
Agglutination in natural inmumity, 202, 
2(JG; and jdiagoc'vtosis, 202, 212, 245; 
in the. diagnosis of tyx>lioid, 2BG, 257, 
201, 4B9; its jnechani.sm, 257; of red 
blood cor})nscles by serums, 2B8 ; of rod 
blood coiymseles l)y rlein, BOO; doo.s not 
prevent growtli of micro-organisnis, 202 
Agglutinative power, transmission by 
heredity or suckling, 450; nut developefl 
parallei with bactericblal power, 48B 
Agglutinins in iTiimunity, 242, 21B, 250— 
205, 205, 542, 559; characteis >i’, 2-55, 
559; origin of, in iinmuniscd aninial, 
20B-205, 294; difTcrence Ixdwecn fixa- 
tives and, 255, 205, 559; not the same 
as protective substances, 208, 209, 294 
Albuminoid subBtances, resorption of, 100- 
127 

Alexins. Sec also Cytases 
Alexins, 87-95, 90, 98, 184, 19B, 255, 528, 
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Amoeboid cells. Sec Xieueoeytos and Pha- 
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Am])bibia. See Frog. Axolotl 
Amylase, 95; in the urine, 05 
A )tdr<H:iain<s. S<‘ic Scorpion 
A twphelfs and malaria, J29 
Anragoni.sm lictween eertaiin bacteria, B2B 
Anthrax, IJ, 20, 21, 25, 11, 40, 180; immu- 
nity of dog against, 1 19 151, 242; acquir- 
ed iminunity of Scvlopeiuiva agaiust, 209; 
natural immnnity of \vbit(‘ rat against, 
520; yuotcctivo serums against, 20, 270, 
B09 BIT ; phagol^’sis in ae«juired iiiimiiniiy 
against, 280; immunisation against, by 
means of otbm- lijuderia, B2B; infection 
by inlialation, 412; V)y ingestion, 42B ; 
immunity against, transmitted to off- 
spring, 445, 447; vaccinations against, 
208, 211, 408 471; method, 470; statis- 
tics, 471; vaccin-itioM against, by heated 
anthrax blood, 507; vaccines against, 
208, 170, 509 ; phagocytosis in, 521, 
52B 

Anthrax }»aoillus, action on rahicB, 150; 
hrictericiiial action of blood-serums on, 
20, 140, 150, 151, 150, 157, 240; im 
creasing tlio virulence, of, 150; atlmnut' 
tioM of, 208, 288; eosinopliile transfor- 
mation in, 198; proLect.ivc thiclmning of 
bacterial 7nem])ranc in, 212; agglutination 
of, 20B. 242, 200, 204; natural immunitv 
against, 1B2--140, 14B- 117, 149-159, 511, 
512; ac<iuired immunity against, 2B9-242, 
270,277 ; antagonisiii betwcim, and certain 
iKicteria, B2B; fate of, in Algerian sheep, 
512; destruction of, by de/ihrinati’d blood, 
525 

Anthrax, symptomatic: immunity against 
baeilJi e>f. 171 ; luaedity of immunity 
against, "152 ; vaccinations against, 471 - 
47B; phagocytosis in, 52B 
Antiabrin, *401 
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Aiiti-arsenic sernm, 300 
Anticytases, 112 
Aiiticytasc 8eruni, 115, ViTl 
Anticytotoxins, 110, 118, 122, 127, 360 
Antidiarttaso, 100 
Antidiaslatic serums, 3G1 
Anti-onzymes, 109 

Antiiixative, 112 1 

Antiliaomolysins,' 111 
AiitibaemotoxiriS, 111, 110, 122 
Anti-infective. See Protective 
Antileucocifliii, 359 ^ 

Antineurotoxin, 116 
Antirennet, 100 
Antiricin, 360 

Antisepsis, Nature i'e|>]ace.s by asepsis, 432 
Antiseptics. See aUa .)’< 'X i ns and Adaptation 
Antiseptics and foods, 26 
Antiseptic action of iJie gastric juice, 417 ^ 
Antispermofixaiivo, 1 24 
Antispennotoxins, 116, 122-126 
Antistte]!toco(*cic 8t;nnn, 24i)- 215 
Antitetaiiin, nervous ori^un of, 300 
Antitoxic. Sec also Protective 
Antit<vxic unit nf Idirlicb, 373, 406; action 
of non-specific and normal senuns and of 
lirotli, 365;- function of t)ic saliva, 417 j 
function of pepsin and other di<^mstivo 
ferments, 410, 424; action of intestinal 
Horn, 427 ; jiroperty of the body fluids, 
631 (.scf' iJody thuds, Senuns) ; ]iower of 
the blood of new-born children, 445 
Antitoxins, natural, in normal blood, 111, 
201, 444; rarity in body Huids in natura! 
imirnuiity, 204, 532, 533; dcveloi)ment 
of, (luring iinmunisation, 354; i)i;o] unties 
of, 354; present in various fluids of 
immunised animal, 355, 531; mode of 
action of, on toxins, 356-362, 371; con- 
ditn)ns actin'? in mixtures of, with toxins, 
362; immunity aj^ainst toxins not in 
direct constant ratio to amount of, 367- 
376; effect of using serum from same 
species, 370 ; hypothesis as to nature 
and origin of, 377-402, 562; i>robahlc 
part played by phagocytes in ijroduction 
of, 400-402 ; rapid regeneration of, after 
bleeding, 370; augmentation in produc- 
tion of, by piiocarpin, 380; transmission 
of, by milk to offspring, 449 ; analogy 
of, with fixatives, 561; hypersecretion of, 
563 

Antivenomous property of blood of scor- 
pion, 328; action of serums, 334, 338; 
serum, action of, 334, 338, 358, 360 
Aqueous liunioiir, bactericidal action of, 
184,192; in iiiiiiiunised animals contains 
no fixative, 217, 222 ; in immunised 
animals contains antitoxin, 355 
Arsenic; adaptation to, 31, 343, 390; pro- 
tective serum against, 390; leucocytic 
reaction against, 396-399; au a remedy 
against microbial disease, 513 


Arsenic acid, action of, on anthrax bacillus, 
25 

Arsenious acid, adaptation of plasmodia 
to, 31 

Artliropoda. See Clothes-moth, Crayfish, 
Crustacea, Daph)tia^ Scolopcudra, Scor- 
pion, Spider, Tick 
Arthrospoi'C'S of liueppe, 254 
Ascarisy poor microhian flora in intestine 
of. 421 ; phagocytic organs of, 547 
Asejisis is Natu^^^’s method, 132 
As))ergi]losis, 2, 4. See (dso IMycoses 
Atrophic diseases, probalily due to a para- 
site, 3 

Atropin, reaction of rabbit and guinea-pig 
to, 395, 396 

Atteniuitioji. See oho Vaccination, A’ac- 
cinos 

Aitennation of micro-organisms and viruses, 
discovery and a))plication of, 208, 247, 
288, 508 ; of micro-organisms by the 
fluids of ininmnised animals, 286-280; 
of toxins, 344 

Autodigestion in yeast, 107 
Autospennotoxins, 1 1)1 
Autotoxins, 104 

Axolotl, susceptible to tetanus toxi?i, 
330 

Bacilli, iinaerobjc, natural immunity 
against, 169, 170 

liacillas aerogeries, agglutination in, 264 
liaciUm chaiivaei. See Anthrax sympto- 
matic 

Bocillas call attacks potato, 35; vaccina- 
tion against, 267 ; transformal.ion of, into 
granules, 198; modified growtli on certain 
serums, 259 

Bacillus of Doederlein, 429; of Kiel water, 
408 

Bacillus pijoe.y tineas, 42, 180, 254, 528; 
acquired immunity against, 210, 232- 
236, 301; rfeilfer’s phenomenon in, 234, 
307 ; special forms of growth in serums 
from vaccinated animals, 256; aggluti- 
nation of, 261, 307; susceptibility to tlie 
toxins of, 290, 351 ; action of specific se- 
rum on, 307, 358 ; antagonistic to anthrax 
bacillus, 323 ; immunisalion against toaiu 
of, 351; a leiicocidin from, 350; action 
of liver on toxin of, 427; heredity of 
iinniunity against toxin of, 446 
Bacillus ranieido, 110 
Bacteria. See M icro-organ ism s 
Bactericidal action of scrum, influence of 
alkalinity or acidity on, 106; function 
of the tears, 108 

Bactericidal property. See also Body fluids, 
Humoral theory, Serums 
Bactericidal property: in blood and other 
fluids, 20, 146, .150, 151, 156, 157, 184- 
193, 211, 226, 233, 238, 240, 241, 243, 
244, 512, 525-531, 542, 554; of body 
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fluids, theory of osmotic pressure, 103, 
213 ; of exiiiicts of glands and exuda- 
tions, lOd; of the' saliva, 415; absence 
of, from the intestinal ferments, 424, 507 ; 
of serums, AVright’s method of testing, 
483; does not develop imrallel with ag- 
glutinative, 483 ; and immunity, absence 
of parallelism, 554 

Bactericidal substance (alexin, comple- 
ment, cytase) : in blood and other fluids, 

184- 11)3, 531; source of(» in body fluids, 

185- 193; theory of leucocytic secretions, 
187-191 ; presence in body fluids due to 
phag(dysi8, iOl ; is of phagocytic origin, 
185, 192; in body fluids, microphages 
source of, 187; not resistant to heat, 
2(>8: and so disti^iguislied from pro- 
tective substance, 208; Pfeiffer’s theory 
of, 53 4 

Bactcjiolysis. See Micro-organisms, de- 
struction of 

Bacteriolysis, analogy between haemolysis 
and, 537 

Bat, immunity against tetanus of hiber- 
nating, 339 

Baumes- Colics- law in syphilis, 436 
BeViring’s “normal serum,” IDO 
Bile, function of, 60 ; salts protective 
against snake venom, 388; protective 
function of, 424 
Bipinnaria, 70, 518 
Biastomyeetes. See also Yeast-cells 
Blastojnyeetes, vesistaiice of paphnUi to, 
131, 404, 520; fate of, in refractory 
organism, 172; acidophile, 418 
.Blood, pepsin in the, 60, 563; prccipitins in 
the, 68, 106, 107, 568; fate of effusions of, 
73; bactericidal power of, 184 {see uUo 
Bactericidal. Serums) ; natural antitoxins 
ill normal, 111, 204, 444; stimulant (pro- 
tective) action of human, 271, 318; 
immunity conferred by maternal, 447; 
recognition of, in medico-legal research, 
107, 568; from coTivalescents, protective 
power of, 437, 441, 443; agglutination 
of (see Agglutination) 

Blood corpuscles, resorption of red, 17^, 
50, 56, 57, 70, 72, 7^-100, 537 {see also 
ilacmolysis) ; fixation of v^tase by red, 
194; agglutination of red, by leruras, 
258; agglutination of red, by riciii, 866 
Body fluids. See oho Bactericidal, Blood, 
Humoral theory, Serums 
Body fluids, natural immunity and the 
composition of, I2H-131, 146; in natural 
immunity, absence of antitoxic property 
in, 204 ; bactericidal power of, 184-193, 
512, 525-531, 542 {sec also Body fluids. 
Serums) ; antitoxic power of the, 204, 531, 
533, 5 13 ; protective properties of, 266-280 
Boophilus hoviSj 247 

Bordet’s sensibilising substance, 91, 199, 
298, 535, 537, 557 


Botulism, protective action of fats against 
toxin of, 387 ; y,ction of digostivo dia- 
stases oil toxin of, 420 
Bouchard’s tlieory of acquired immunity, 
232,286; of attenuating power of serums, 
286'~289 

BouiUofi de pans(‘, 473 
Bov|lae, acquired immunity of, against 
Texas fever, 247, 279* lUTireclion of, 
against tetanus, 194; vaccination of, 
against rinderpest, 125, 466 P18; against 
ral?ies, 4G6 ; against antlirax, 470 ; against 
symptomatic anthn^^x, 471; against pleu- 
ropneumonia, 477-479; ancient methods 
against pleuropneumonia in, 506 
Brotli as a protective fluid, 320, 321, 365 
Buccal cavity, microbial products in tlie 
proteclioM of the, 416; flora of, li t 
a Buchner’s theory of iniimmity, 512, 527 

Calf lymph vaccine, method of prepara- 
tion, 456 

Corossius. See (Toldfish 
Carmine, fixation of tetamis toxin bv, 
3<S8, 394 

Cattle. See Bovidao 
Cattle ijlague. See Tiinderp ist 
Cayman. See. Alligator 
Cellular or histogenic immunity, 335, 336, 
340, 563-565 
Cellulosaso, 86 

Cerebral substance, action of emulsioiis of, 
on toxins, 386 
Cerebral tetanus, 383, 391 
Chemiotaxis. See also Hyperleuoocytosi.s, 
Susceptibility 

Chemiotaxis in Infusoria, 19; in plasmodia 
of the Myxomycetos, 30; of duodenal 
mucous memlirane, G1 ; of phagocytes, 
79, 108, 133, 167, 177, 280; of leacooyl.is 
for rtmnet, Ac., 119; positive, in vseg- 
mentation-colls of frog embryo, 565 
Cholera antibody (fixative), 253, 267, 292 
Cholera, Asiatic, protective power of ]>1 o(k 1 
of coiivalc-scents from, 441; vacciuution.s 
against, 180-481 

Cholera peritonitiB, heredity of immunity 
against, 447, 448; immunity of guinea- 
lug agaijjist, 533 

Cholera toxin, alligator resistant to, 333 ; 
immunisation against, 350; action of 
normal serum of goat on, 365 
Cholera vibrio. See also Pfeiffer’s pheno- 
menon, Vibrios 

Chplera vibrio, adaptation of, to liactericidal 
substance, 23; susceptibility of larva of 
Ehinoceros beetle to, 40, 133; immunity 
of frog against, 142 ; of guinea-pig against, 
1C3, 533 ; extracellular destruction of, 
165, 212\see also Pfeiffer’s phenomenon); 
eosinophile transformation in, 198; ar- 
throsporlls of, 254 ; agglutination of, 261, 
264; pi-otective action of serums against. 
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271, 31B; of human blood a^^ainst, 
271. i>18; immunity to, is not insuscepti- 
bility to its toxin, 290f’ori|^dn of protective 
property af-^ainst, 291; protective action 
of various duids aj'ainst, 820; antagonism 
between certain bacteria and, 324; in 
stomach, 119, 567; susceptible toficids in 
vitro, 419; in intestine, 423, 567; s|riim 
from animals Aujuunised against, ris-JL 
Cboleflteo in. *S'c/? alno Fats 
Clioleslerin, fixation of toxins by, 3vS7; fix- 
ation of saponin by, 389 < 

Chytridium, 12 
Cicatrisation of plants, 34 
Clasmatocytcs, 78 
Clavelee (la). Sec f^beop-pox 
Clavelisation against Sbcep-pox, 460 
(3o tl I es-nioths , mi cro-organi sn i s abscn t from 
digestive canal of larvae of certain, 420 ; 

Coeeohucillits prodiffio^iiis. See inider Micro- 
corcfoi • 

( 'Ockchafor larva, 70, 320 
Couipbanciit of l-'.lirlielj, 88, 91, 193, 251, 207 
Complementouls of Khrli(di, 115 
Concussii)!!, spinal, adaptation to, 564 
C on j n n cti V a , 0 1 i n I i r I a t i o 1 1 o f mi c vo - orga n i sm s 
by the, 408^; absorption of toxins by the, 
409 

Copiibi of P. Miillor, 91 
Cornea, protective resistance by the, 409 
Crayb^'^h, suscoplible to cta-tain toxins, 345; 
blood of, antitoxic agjiinst se'orpion 
venom, 366; poor intestinal Oora of, 421 
Crickets and micro-organisms, 41, 133; 

natural mimunity against toxins in, 329 
Crustacea. See Crayfish, Dayhnid 
( 'rnsiacea, protective function of integument 
of, 404 

Cyi>ruiu>f. See (loldfish 
Cytase of Laurent, 80 
Cytases (syn. alexins, complements), 93, 98, 
12:>: claboraied by )>hagocytes., 197, 252, 
539, 549 556 ; thrown out into i)lasmaB 
(hiring pbagolysis, 95, 9*), 102, 197, 252, 
551 554; bactericidal power of, 183, 181, 
191, 1 IK} -198, 217 (sec ulso Baeloricidal, 
Body fluids, Sorunis) ; unity or f)]uiality 
of, in same serum, 193,197; absorption of, 
191, 200; two kinds of, macrocytase and 
microcytase. 195, 296, 549; characters of 
the, 197, 549; ejizymes otlier than, in 
phagocytes, 197; in the immunised or- 
ganism, 250-255, 296, 317, 554; presonce 
or absence of, Innv determined, 253; Ehr- 
lich’s and author’s views on, contrasted, ^ 
297; compared with fixatives, 555 
Cytotoxins, 105 (note), 110, 116 

Dapiinia, resistance of, to Blastomycctes, 
131, 404, 520 « 

Darwin on the extinction of the elephant, 8 
Dermis, arrest of micro-organkjms in the, 
406 


Desmon (of London), 01 
Diastases. See Digestive ferna3nts, Ferments 
Digestion in the higher animals, 49, 59-65; 
psychical and nervous elements in, 62, 
566; extracellular, by secreted juices, 49, 
58, 62; the liver of the Mollusca as second 
organ of, 59; in the tissues, 67; and re- 
sorption closely related, 69, 85; by ma- 
crophagio organs, 85, 150 
Digestion, intracellular. See, also Phago- 
cytes, Phagoq|:tosis, Eesorption 
Digestion, intracellular, 48, 85, 517, 518, 
520; in the Protozoa, 13, 30, 49; in 
Planarians, 49, 71, 82 ; in Actinians, 53, 
82,85; in Sponges, 69, 517; transition 
from, to digestion by secreted juices, 49, 
58 ^ m 

Digestive Terments, antitoxic function of, 
424 ; action of, on toxin of botulism, 420 
Dipbthoria, 7, 41, 132, 204 ; antitoxic power 
of blood of convalescents from, 443; anti- 
toxic power against, in blood of healthy 
persons, 444; and in blood of mnv-born 
children, 445; heredity of immunity 
against, 445, 447, 448; inihienco of anti- 
cytase serumon, 371 ; vaeciuationsaguirist, 
495-503; serum against, 495; standard- 
isation and t(‘sting of this scrum, 496- 
498; its protective and antitoxic powers 
do not (bnelop in (.-qual ratio, 497; its 
pr(3phy lactic use, 498-5(Ki; accidents 
during treatment, 499, 502; statistics, 
500-503 

Dj|»hthcria t(»x{n, hicreased susoeptibility of 
immunised guinea-pig to, 290; natural im- 
munity of rat and mouse against, 204, 339 ; 
natural immunity of frog against, 330; 
innnunisatioii against, 314, 3 1.7, 319, 353; 
attenuation of, 344 ; preventive action of 
nucleohiston on, 365; action of, on brain 
of laboratory animals, 386; sets up local 
lesions in tlie conjunctiva, 409; pepsin 
destroys, 119 

Diplococcus jiiu'umoautc. See Pneumococ- 
cus 

Diseases, fear of, and pessimism, 1, 569 ; 
atroxjhic, ))robably duo to a parasite, 
3; laecbanicrtl /.dement as etiological 
factor, 3 ; rtoxic element as etiological 
factf^:, 4; developed on the earth at a very 
N^irly epoch, 8; and extinction of specie.s, 
8; infective, in inuUieelhiiar plants, 29- 
39; set up by Fungi. See Fungi 
Dog, immunity of, against antlirax, 149- 
151, 242; action of anthrax bacillus on 
rabid, 150; immunity of, against strepto- 
cocci, 167; naturally refractory against 
a staphylococcus, 266* ; bactericidal action 
of blood of, on antlirax bacillus, 150, 151, 
156; digestion of gelatine by leucocytes 
of, 108; entevokynase in lymplioid organs 
of, 61; digestive fluids of, 62-65; disin- 
fecting power of small intestine of, 422 ; 
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phapfoc-yti^si.s in, 149, 1-“X ; haomatozoon 
in, *279 

Domestic aninlals, immunisation of, aj^ainst 
disease, ^ee Dovidae, Dog, Goat, Horse, 
Pig, Sheep, Swine, VaccinOvS, Vaccinations 
Doinine, 2, ‘247 
Drepanulium, 51:5 

Drugs, ahsorpti{)ii of, by leuot)cytes, 400 
Dnodeniim, clieraiotaxis of mucous mem- 
brane of, tVl 

“Diist^’ cells, 75, 411-414 

Eel’s serum. See also lebthyotoxin 
Eel’s serum, tcjxic action of, 20, 111, 5Grl; 

and precipitins, 08, 10<> 

Effusions of blood, fate of, 73 
Ehrlich’s Tieutral reaction, 13, 83, 181: 
classilication of l<^cocytes, Jl, 7G-78; 
theory of side-chains or receptors, 120, 
381-384, 538, 557, 5r>2-5<‘)3; compared 
will) theory of pliagocytos, 290 299, 538, 
55S; ‘'immunising unit,” 373, 490 
Eleplunit, extinction of, 8 
Elimination of micro-organisms from the 
body, 43, 40; by tlie epidermis, dOG; by 
the coTijunctivii, 408; by the nasal mu- 
cosa, 410 

Emifs. See Turtle 
E ndo . e n zy m es , 1 9 7 
Endotrypsiii of yeast, 197 
Enterokynase, 59, 98 
Enzymes. See Eerments 
EosinopliiJe leucocytes, secretion by, in 
bacteriolysis, 187, 542 ^ 

Eosiiiupbile stain irjg reactioji, 198 
Epidermis, exfoliation of the, 40G 
Ernst’s bacillus, immunity of frog against, 
140 

iM-ysipelas. See Swine erysipelas 
Ivrysipelas, immunity in, 434 
Erysipelas stn^ptococcus, protective actimi 
of, against anthrax, 323; its use in ma- 
lignant tumours, 434 
Excretion. See also Elimination 
Excretion in relation to micro-organisms, 
43, 432 ; of ivepsin in the urine, 05 ; of 
pepsin in the blood, GG, .503 
pjxfoliation of the epidermis, 400 
Exudations, bactericidal power of, 185, 193, 
' 195 

o 

Farcy, slow evolution of, 400 ^ ^ 

Eats, protective action of, against toxins, 
387 

Eerments. See also Intestinal, Digestivej 
Fibrin-ferment, Gastric juice, Saliva, 
Tryi>sin 

Ferments, Pasteur on the organised nature 
of, 2; soluble (diastases or enzymes), in 
digeslion, 49, f55, 57, 108, 109, 197; anti- 
toxic function of digestive, 421; phago- 
cytic, 197, 549 559; hypersecretion of, 503 
I'ibrin ferment (plasraase), 95, 197, 550 


P'ishes. >S>/' Goldfish 
Fishes, phagocytosis in, 135 
Fixatives (innnunisjing body, or amho(‘eptor, 
or seiisilnlising snhstancei, 88, 92“-95, 
97, 98. 103 105. 199-202. 29(); synonyms 
of, ^91; analogy of, wit.h enterokynase, 
98; ju'esence of, in plasmas, 103, 112- 
114, 217; in protective serums, 209, 438; 
iij mesenteric glands, 98 ; in spermo- 
toxins, 101 ; origin of, 103, 294, 537, 
55G-559 ; specificity of, 88, ln5, 210, 251, 
253. 29G ; rarity of, in imrmal ffuids, 
lt/ii-201, 250; method of determining 
whether pre.sf'nt in.ji seium, 199; absent 
from a(|ueons liiniKuir of immunised 
animals, 217, 222, 251 ; in the immu- 
nised organism, 250-255 ; properiii^s 
of, 251, 253, 255, 554; dilTi'r from 
agglutinative substances, 255, 205, 559 ; 
relation of, to phagocytosis, 291, 295; 
part playetl by, in i'feiffer’s phenomenon, 
251, 295: and protective sulistaiices 
closely connected, 209, 294, 295, 501 ; 
comiiared witli cytases, 555 ; inecbauism 
of action of, 557 

Food substances, absorption of, by otlnu- 
chanm.i than alimentary canal, G7 
Foods and antiseptics, 20 % 

Foreign bodies, fate of, in organism, 40, 
5*2, 55, 50 , 517 

Formed elements, resor]:jtion of tlu\ 47. 
G7-I<)5 

Fowl, immunity of, against anthrax, 144, 
159 ; phagO(‘ytosis in, 144, 282 ; bacteri- 
cidal action of jdasrna of, on anthrax, 
140; blood scrnm of, and tetanus, 204; 
immunity of, agfiin.st tetanus, 204; na- 
tural immunity of, against tetanus toxin, 
335; intluema* of removal of parts of 
brain and coni on tetanus in, 384 
Fowl cholera, infccition of laboratory ani- 
mals witli, 181; vaccino against, 208; 
phagocytosis in, 282 ; action of exuda- 
tions of fowlb vaccinated against, 288; 
acquired immunity against, *288, 508 ; 
failure of bacillus of, to grow in certain 
media, 510 

F’riedliinder’s bacillus prevents infection by 
anthrax, 323 

I’hog, iihagocvtosis in, 137, 142 ; immunity 
of, against anthrax, 337 ; against Ernst’s 
bacillus, 1-40 ; against bacillus of mouse 
septicaemia, 141 ; against cholera vibrio, 
142; acijuiretl inununity of, against pyo- 
cyanic disease, 210, 301 ; natural ini- 
piunity of, against tetanus toxin, 33() ; 
against diiihthcria toxin, 330; immuni- 
sation of, against abrin, 345 ; absoriilion 
of tetanus toxin by brain of, 38G 
F’rog embryo, positive chemiotaxis in seg- 
ineutati On -cells of, f5G5 
Fungi, diseases set up by, 2, 4, 18, 32, 131, 
135, 404‘'(ifCt' also Aspergillosis, Mycoses) 
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Galacto.se. Bee. Milk-sugar 

Gamaleia’s vibrio. Bee Vibrio metclmihovi 

Gastric juice, aiitisci^iic action of, 417; 

psychic influence on, 6'3, 500. See Pepsin 
Gelatine, resorption of, 107 
Gentilly bacillus. Bee Pneinno-enteritis 
tierbil, tubercle in, 2li, 183 '* 

Goat, action of normal serum of, on'chplera 
toxin, 305; vafahnation of, against rn^pies, 
Kbr ; ac(]uirefl 'hiiniunity in, 503 
Gol.lflsh, 72, 135 

Goose septicaemia. See Bpirochnete an- 
.serijuh ' 

‘'Gieek method’’ of variolisation against 
sinall-pox, 507 ' 

Gruber’s theory of immunity, 250, 202 
Guinea-pig, immunity of, against sxiirilla, 
lt)0, 102 ; against vibrios. 103, 211-227, 
275, 287, 531, 533 ; against strcjjtocoeci, 
105 ; against tetanus bacillus, 1(>0; again.st < 
syiTi]>tornatic anthrax, 171; against Try- 
panoaomatay 173; acciuired immunity 
against spirilla of recurrent fever, 227- 
230 ; against typhoid, 101 , 230 ; against 
pyoei/ancaSj 231-230 ; against 
anthrax, 270, 277 ; phagoeytoHis in, 162, 
103, 100, 170, 223 ; hyi)ersUHceptibility 
oC inimunl^^d, to diphtheria toxin, 200 ; 
protective ])ow(^r of serum of imraunisod, 
203 ; effect of removal of sfileen of, 203 ; 
autivenomous action of serum of, 33B ; 
immunisation of, against cholera toxin, 
351 ; irj(;reasing natural susceptibility of, 
to toxins, 300, 370 ; reaction of, to 
atroxiin, 300 

Haematopoietic organs. See Lyinjihoid 
organs 

Haematopoietic organs as source of pro- 
tective. substance, 202-204 
Ha.ema tozoa. Bee Piroplasfiia., Trypanosoma 
Haeiuatozoon in dog closely allied to that 
of Texas fever, 270 

Haemolysis. Bee. also lUood corimscles, 
rcsor|)tioM of 

Haemolysis, 70-100, 111, 112, 537; tho 
two substances which act in, 88, 98, 
538 ; analogy between bacteriolysis and, 
537 

Haemomacrophages, 76, 136 
Hajitophore atomic group in a toxin, 120, 
350, 384 

Hedgtdiog, natural immunity of, against 
poisons and venoms, 337 
Helix pomatidi 70, 134 
Ih-Tcdity of immunity, 445-453, 513 ^ 

Ilerpestes. Bee M<.>ngoose 
Hibernation, ellects on resistance to toxins, 
339 

Hippocampus^ 135 

Histogonic immunity, 336 {see immunity, 
cellular) 

Hog cholera, resemblance of bacillus of, 


to that of pneumo-enteriti.s, 259 ; serum 
of animals vaccinated against, 260 ; ag- 
glutination in, 260; protciitive action of 
serums against, 272 ; susceptibility of 
vaccinated animals to the to.<in, 290 
Horse. Bee also Diphtheria 
Horse, acquired immunity figainst cholera 
vibrio, 222 ; against streptococci, 244, 
245, 313 ; local reaction to tetanus toxin 
in, 352 ; immunised, witlt. poor yield in 
antitoxin, 373, 375 ; reaction of, to one 
unit of toxin^«'378; aritito.xic power of 
serum of normal, 380; piiagocytosis in, 
245, 313 ; antivenmnous acjion of serum 
of, 338 ; vaccination of, against rabies, 
466; vaccination of. against anthrax, 
470 ; I’^^'utective sermn against tetanus 
ill, 493 ^ ^ 

Humoral phenomena in irnmunitv, 184, 
250, 290, 437-440, 525-531, 542^ 543 
ITiimoral theories of immunity, 181, 525- 
531, 512, 543 ; attempts to reconcile with 
theory of phagocytes, 539 
Humours. Sec Body fluids, Seniins 
Hy perleucocytosis. Bee also Choiniotaxis 
1 1 vperleucocy tosLS durl ug i nnn un i sa t ion , 
352, 393 

Hy]H.;.rsecretion, 563 (/ajc Iboct^ptors) 
Hypersusceptibility to toxins in immunised 
animals, 290, 368-37:1, 564 
Ityphomycetcs, diseases causc-d by, 2 
Hypopyon, pus of, 96 

Jchilyyotoxin. ITO, 120, 121, 122, 3*26, 360 
{,see also iJers sen.im) 

Immunisation. See Immunity, acquired, 
artificial and temporary, Vaccination 
Iniujiiuisatioii against toxins, principal 
methods of, 315-350; by unmodilied 
toxins, 315-346 ; by modified toxins, 
347 ; by mixtures of toxin and antitoxin, 
348; by toxoncs and toxoids, 349; phe- 
nomena produced during, 352-354 
liummusiug body of Ehrlich, 91, 251 ; 

unit of Ehrlich, 37;1, 41>6 
Iiummiity, historical sketch, 505-543 ; 
summary, 514-569; by attenuate<l micro- 
organisms, 2 ; predisposition or ah.sence 
of, 7; against inlf*ctive diseases, 9; de- 
finition of, iO; against micro-organism!^, 
10. 44, 42, 12&-206, 207-324; against 
ttpeins, 10, 41, 42, 325-311, 342-402; 
not same as against micro-organisms, 
290, 351; in unicellular organisms, 11- 
28; in multicellular plants, 29-39; in 
* plants, action of manures on, 36 ; in the 
animal kingdom, 40-66 ; cellular or histo- 
genic, 335, 336, 340, 563-565 ; active 
(Ehrlich), 378:=isopathic immunity (von 
Behring); passive (Ehrlich), 378, 45.3 
=antitoxic immunity (voii Behring) ; 
passive agaimst micro-organisms, 300- 
324, 560 ; isupathic {von Behring), 378 ; 
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antitoxic (von Behrinp:), 37S ; of the skin, 
403-107 ; of the mucous nitutihranes, 
107-432; ausccptibility in, 505 aUo 
Hypersusceptibility, Susceptibility); chan* 
ncl of entrance in, 507 ; applications of 
theory of, to medical practicjc and to the 
research of new organisms, 507-509 

Iiiiinunily, natural : lU, 17, 18, 30 ; amongst 
Invertebrates, 40, 131-135 ; amongst 

Vertf?brata, IT, 135-174; against micro- 
orgjinisms, 128-174, 175-200: and com- 
position of body llnids^ 128-131 ; against 
anaerobic bacteria, 109, 170 ; part played 
by inilamniation in, 170 ; iin]>ortanco of 
niicropbaj^is in, 177 ; luirnoral tlieory of, 
l8l ; agglutination in, 202, 200; against 
toxins, 325-311 

Immunity, acquired*; 10, 19, ; against 

micro - organisms, 207 - 249, 250- 299 ; 

against vibrios, 211-227; against, pyo-# 
cyanic disease, 210, 232-230, 301 ; against 
spirilla of recurrent fever, 227-230 ; 
against typhoid bacillus, 230 ; against 
swine erysipelas, 23(1 239 ; against an- 
thrax, 239-242 ; against streptococcus, 
243-247; against Trypanosomata., 247- 
249, 310 ; against staphylococcus, 200 

Immunity, rapid and t(.'m})orar.y : against 
micro-organisms, 300 -324 ; conferred by 
specific serums, 301-317 ; conferred by 
normal serums, 317-320; conbured by 
tliiids other than serums, 320-322 ; con- 
ferr(?<l by non-spcciOc micro-organisms, 
322-321* 

Immunity, artificial, against toxins, 312- 
102; against bacterial toxins, 343; 
against vegetable toxins, 344, 3(}5 ; against 
snake venom, 315; not in direct, ratio 
lo amount of antitoxin in body Ihiids, 
307-370 

Imninnity acquired by natural means, 
43‘? 153 ; ac(piired after recovery from 
infective diseases, 433-444; acipnrcd by 
heredity, 445-153; conferr<al by maternal 
blood, 447; by the yolk, 449; by tlie milk 
of the mother, 419 

Immunity, acquired: amongst Invertebrata, 
209-'210 : amongst Vertebrata, 210-249 ; 
rtdation of rfeiffV’s plienoineiioii to, 

* 224 ; liouchard’H ilieoi';^ of, 232, 280 ; 

doul>le action of cytases and fixatives 
in, 250-255, 296, 554; agghitinativp’ sub- 
stances in, 212, 215, 250-265, 295, 542, 559 ; 
protective properties of body fluids in, 200- 
280; ijhagocytosis in, 220, 223-220, 215, 
280-286, 295; origin of fixative propertief^ 
in body fluids in, 294 ; relation between 
fixatives and pliagocytosis in, 291, 295; 
humoral j)lienomena in, 184, 250, 290, 
525-531, 542, 543; bactericidal power of 
fluids in, 250; Gruber’s theory of, 250, 
202 ; against micro-organisms, suscepti- 
bility to the specific toxin in, 289 ; 


principal plienomena associated wi‘t.h, 
295-290; against miero-organisnia in no 
ratio to j)roiecLive j^i.iwrr of blood, iJ72— 
374 ; by svickliltg, mouse the only animal 
in whicli, 150, 152 ; tlieory of exhaustion 
of nutrient medium as cause of, 510- 
5*^2; tlieory of presence of inhil.utory 
sub'^taiice, 511, 512 ; tluMry of IocmI iti- 
iiammatorv reaction, 512; tlu'ory of 
adaptation of cells m, 513; theory of 
pliagocytt's in, 511-525, 539 -543 ; theory 
of bactericidal power of body fluids, 525*- 
5B1, 542, 543; ihoory of antitoxic powi^r 
of body fluids, 531 ; theory of extra- 
ceWular destruction of miern-oraanisms 
by leucocytic secretions, 187 -191, 533- 
537, 512; tlieory of siile chains, X2(), 
381-384, 538, 557, 502-503 ; present 
2 >liase of the question of, 510-543 
lmmun|)roteidin of .blmmoricli and Litw, 
254 

Infection, agents, mechanical and other, 
that prevent or aid, 3-5, 170-173, 420 
{see also Diseases, Hliminatiou, Micro- 
organisms) 

Inflammation in immunity, 170, 512; 
Cohnheim on, 518; and phagocytosis, 
516, 519-520, 517, 568 ^ 

Influenza haeillus, cultivation of, in body 
fluids, 130, 551; vaccination against, 277 
Infusoria. See aUo Trypanosunia 
Infusoria, 12-20, 23, 20, 320 
Inoculation. See Iinmnnisatiori, Vaccina- 
tion 

Insects, natural immuiiify in, 132, 326, 
329; acquired immunity in, 209; pro- 
tective lining of digestive canal of, 421 
Insusceptihiliiy of cells of jcfractory ani- 
mals, 341 

Intcgmiiciit of Invertebrata, protective 
function of, 401 

Internu'diary body, 88, 91, 290, 557 
Intestine, protcctivo function of tlm, 122; 
micrubian flora of, 420 ; antitoxic action 
of this flora, 427 

Intestinal ferments, absence of microbi- 
cidal power from, 424, 567 ; intestinal 
micro-organisms, favouring and retarding 
functions of, 420 ; destruction of toxins 
by, 427 

Invertebrata, natural immunity in the, 40, 
131-135, 320-329; acquired irnmunify 
in tlie, 209-210, 301 ; immunisation of, 
by Bpocilic serums, 301 ; protective func- 
tion of integument of, 404 
|odine trichloride in iinmnnisation, 347 
Iron, absorption of, by leucocytes, 399 
Irritability, part played by, 18, 27 {see 
also Susceptibility); in plants, 38 
Isaruiy resistance to infection by, 329 

Koch's phenomenon in tubercuIo.sis, 437 
Kupffer’L* ceils, 75 
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Loprosy, (itioloj^ical factors in, 4 
liCprosy bacillus, 75, 411 
Leucocidin, and its neutralisation, 359 
Leucocytes. Hee also Phagocytes 
Leucocytes (amoeboid cells) in resorption, 
47, 73, 175, 51], 515; adaptation of, to 
virulent bacteria, an education, * 281 ; 
various categories of, 74^79 ; soluble , fer- 
ments of, 95 ; cbeiniotaxis of, 119, ^7 ; 
theory of bacteW.cidal secretions by, Td7— 
191, 533--537, 539, 540, 542 ; action of 
leucocidin on, 359 ; absorption of poisons 
by, 393-400 ; situations where therd are 
no pro* existing, 551 

Lily of the valley, acliuired immunity in, 
513, 515 

Liver, serum against cytotoxin acting on, 
116 ; protective function of the, 427 ; 
of Molluaca an organ of second diges- 
tion, 59 

Lizard, resistance of, to tetanus toxin, 
332 

LugoPs solution in immunisation, 347 
Lupus, slow growth of, 400 
Lymphocytes, See also Leucocytes, Phago- 
cytes 

Lymphocytes, 7(5, 78 

Lyjnphoid org^j-ns. See also Haemato- 
poietic organs, Pliagocytic organs 
Lymphoid organs, protective function of 
the, 428 ; as source of sensibilisiiig sub- 
stance (fixative), 537 
Lymphoinacrophages, 70 

Maerocytase (Alexin, complement), 86, 98, 
105, 112, 196, 549; analogy of, with 
actinodiastasG, 80 ; escape of, during pha- 
golysis, 95, 99, 102, 552 ; presence of, in 
spennotoxin, 101; origin of, 103; active 
for resorption of animal cells, 196, 197, 
296 ; in extracellular solution of red 
cori^uscles, 552 

Macrophages, 76, 77, 79, 547; the part 
they play in resorption, HO-lOO, 176; 
staining reactions of, 77; in phagocytosis, 
144, 148, 154, 157, 161, 162, 164, 173, 
184, 228, 245, 321, 518; act more especi- 
ally in resorption of animal cells, 176, 
196, 548 ; but intervene specially against 
human tubercle bacillus in pigeon, 148; 
against spirilla, 162, 177, 228 ; and against 
streptococci, 245 ; not source of bacteri- 
cidal substance in body fluids, 187 ; part 
played by, in arsenic poisoning, 397 ; the 
principal source of antitoxin, 401 ; of 
skin, reaction of, against micro-organ- 
isms, 407 

Macrophagic organs, digestive property of, 
85, 150 

Malaria, immunity against, 129, 278 ; pro- 
tective action of serum in, 2^8 ; im- 
munity acquired after, 434 
Manures, iulluence on plant disea'ses, 36 


Marmot, immunity of hibernating, against 
tetanus, 339 

Martin’s broth (bouillon de i*anse), 473 
Massowah vibrio, acquired immunity 
against, 221; action of specific serum 
on, 305 
Mastzellen, 77 

Membranes, protective secretion of, by 
bact<‘ria, 21, 242 
Meriones sharvii, 22, 183 
Mesenteric glands, 62, 85, 98, 195 
Mesoderm, functifc'.n of amoeboid cells of, 
518 

Microbicidal. See Bactericidal 
Mierococcus prodiffiosus, 42, 45 ; antagon- 
istic to anthrax bacillus, 323 ; action of 
vaginal mucus on, 430 
Microcytasq digests bActeria, 196, 197, 296, 
550 ; in immunity, 218 ; escape of, during 
phagolysis, 218, 222, 230, 295, 551 ; 
transforms vibrios into granules, 552; 
action of, on Vibrio vietchnikovi, 553 
Micro-organisms, niimiteness of certain 
pathogenic, 3 ; variability in action of, 
5; staining reactions of, 13, 83, 181, 
183, 198, 213; immunity by attenuated, 
2, 509; pathogenic, in healtliy persons, 
7 ; adaptation of, to toxic substancos, 
21, 25 ; pr( tective secretion of mein, 
branes by, 21, 242; defence in plants 
against, 35 ; defences of animals against, 
545 ; elimination of, from the body, 43, 
46 {see also Elimination) ; resorption 
of, 46, 175,. 546; antidiastase against 
enzymes of, 109 ; natural immunity 
against pathogenic, 128-174, 175-206 ; 
acquired immunity against pathogenic, 
207-249, 250-299, 300-324; anaerobic, 
immunity against, 160, 170 ; pathogenic 
animal, 2, 173, 247-249, 277-270, 316 ; 
destruction of, an act of resorption, 
175, 206 {see Bacteriolysis) ; presence of, 
in wliite corpuscles, 514 ; adaptation of 
phagocytes to destroy, 558, 566 ; mode 
of entry into phagocytes, 177 ; digested 
by phagocytes, 181, 514-525, 536, 539- 
543 [see Phagocytes, Phagocytosis) ; trans- 
formation into spherical granules, 198 
{see also Pfeili'er’s phenomenon) ; extra- 
cellular desti*iiction of, 165, 212, 533- 
537, 54£; modified grow'tJi in serums from 
immunised animals, 256, 259 also 
Agglutination) ; specific diagnosis of, by 
modified growth, 256, 259 ; agglutination 
docs not prevent growth of, 262; changes 
which they undergo in immunised animal, 
289; attenuation of, 208, 286-289, 508; 
adjuvant and retarding functions of, 
170, 426 ; antagonism between anthrax 
and certain , 323 ; antagonism between 
cholera vibrio and certain, 324; acido- 
pliile, 418 ; exfoliation of epidermis to 
get rid of, 406; localisation and arrest 
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of, in the dermis, 406; destruction of 
toxins by, 4‘27 

Microidiages, i7, 78, 71), 148, 162, 164, 
162, 1C4, 172, 185, 245, 548 ; intervene 
specially against micro-organisms and 
in acute infections, 177, 106, 206, 549 ; 
source of bactericidal substance in body 
fluids, 187, 195 ; granular transforma- 
tion of vibrios inside, 164, 165, 224 (see 
also Pfeiffer’s phenomenon) 
i c wsphae ra , 18 

Milk, absorption of, 107 ; weeipitins in the 
differentiation of various kinds of, 107, 568 ; 
of immunised animals, antitoxin in, 856 ; 
immunity inferred by motlua-’s, 449, 
450, 452 ; transmission of agglutinative 
power by, 450 

Milk-sugar, adaptatio* of yeasty to, 26 
Mithridates, method of protecting himself 
against poisons, 848 

Moilusca. See also llelix^ PhyUirhne, Thetys 
Mollusca, natural immunity in, 184 ; liver 
of, an organ of second digestion, 59 
Mongoose, immunity of, against snake 
venom, 889 

Monkeys, immunised, with poor yield in 
antitoxin, 878 ; immunisation of, against 
diphtheria toxin, 873 ; transient acquired 
immunity against recurrent fever, 434 
Monospora^ parasite of Daphtiia disease, 
131, 404, 520 

Morphia, adaptation to, 818 
Mouse, infection of, by swine erysipelas, 
270, 807, 476 ; the only animal that 
acquires immunity by suckling, 450, 452 ; 
ac<iuired immunity of, against typhoid, 
280 ; natural immunity of, against diph- 
theria toxin, 204, 889 
Mouse septicaemia, immunity of frog 
against, 141 ; phagocytosis in, 283 ; ac- 
quired immunity of rabbit against, 509 
Mouth. Sec I3uccal cavity 
Mucous membranes, immunity of the, 407- 
482 : elimination of micro-organisms 
by the nasal, 410; protective function of 
the genital, 429 

Mycoses, pulmonary, 413 (see also Asper- 
gillosis) ^ 

My gale. See Spiders “’X 
Myriapods. See Scolopetulms 
Myxomycetes, plasmudia of, 80, ^5 ^ 

« 

Nacgeli’s theory of immunity, 512 
Nagaiia disease, 2, 4, 217, 816 (see Trypano- 
soma) 

Narcosis. See Opium * 

Nasal mucous membrane, elimination of 
organisms by, 410 
Nej^enthesy digestive juice of, 855 
Nerve centres, susceptibility of, to toxins, 564 
Neuroglia cells, their phagocytic function, 75 
Neurotoxin, 116 

Neutral red, reaction of, 18, 88, 181 


Nuclein as a protective substance, 320 ; 

vaccinal against plague, 490 
Nucleohiston, preventive activm of, on 
diphtheria toxin,* 865 

Nutrition, certain diseases of, probably due 
to a parasite, 8 ; extrabuccal, 67, 69 

Oidtum*aUneans, growth of, in serum of 
inmunised animals, 257 
Omditum, glands of, 86 ; bactericidal 
pow'er of extracts of, 195 ; phagocytosis 
of vibrios in, 224 

Opinli, its action on leucocytes, 225, 281. 
286, 806, 807 ; its influence on immu- 
nisation by specific?^ serums, 806; resist- 
ance of hedgehog to, 887 
Onjetes nasicornis. See Kliinoceros beetle 
Osmotic pressure, adaptation of plants to, 
87, 89, 566 ; as cause of bactericidal 
f action of body fluids, 108, 218 
Ovum ill the Graafian follicle, immunity 
acquired by the, 418 
Oxalic acid, function of, in plants, 37, 566 
Oxydases, 96 

Pancreatic digestion, 00, 68, 65 
l^aucreatic juice, antitoxic power of, 424 
Pancreatic secretion, its adaj^atiou to kind 
of food, 64, 65 

Paralysis, general progressive, and syphilis, 
485 

Paramaecia, 18, 16, 17, 19 
Parasites in infective diseases, 2, 9 (see 
also Micro-organisms) 

Pasteur’s theory of exhaustioh of nutrient 
medium, 510-512 : anthrax vaccines, 208, 
470; modifleation of Willems’ method 
against pleuropneumonia, 477 ; vaccines 
against rabie.s, 462, 468 J64 ; and Tlmil- 
lier’s vaccines against swine erysipelas, 
208, 478, 509 

Pepsin in the urine, 65, 97 ; in the blood, 
66, 568; antitoxic function of, 419; anti- 
septic action of, 417 ; chemical composition 
of, 109 

Pessimism and fear of disease, I, 569 
Peyer’s jjiitches, 61 ; protective function of, 
428 

Peziza, Sec Sclerotinia 
Pfaundler’s reaction, 259 
Pfeilfer’s phenomenon in cholera vibrio, 
166, 192, 212-226, 251, 267, 268, 280, 
301-807, 584-586 ; in spirillum of re- 
current fever, 229 ; in typhoid bacillus, 
280, 808, 804 ; in Bacillus pyocyaneus, 
,234, 307 ; ditTerent in immuniKcd and in 
normal fluids, 251; conditions for its 
manifestation, 252, 258, 295, 534 
Pfeiffer’s theory of immunity, 584 
Phagocytes (see also Leucocytes), amoeboid 
cells wKh digestive functum, 47, 182, 
547 ; in Sponges, 69 ; in V'ertebrata, 78 ; 
various •categories of, 71-79 ; of Bipin- 
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naria and PhyUirho^t 70; chemiotaxis of, 
79, 108, li33, 167, 177, 280 ; the source of 
the haemolytic ferment, 100; of osseous 
fishes, 135 ; of fro^ 137 ; ingest living 
and virulent bacteria, 112, 177, 179-181, 
558, 566 ; function of, 151, 167, 177, 181, 
206, 547, 548, 566; mode of entry oStmicro- 
organisms into, 177 ; acid reacti&i inside, 
83, 182; action of opium on, 2251^231; 
theory of, and side-chain theory^com- 
pared, 296-299, 538; in defence of animal 
against poisons, 393-400 ; in production 
of antitoxin, 400-402 ; in the deface of 
tlic skin, 407 ; attempts to reconcile 
theory of, with *iiu moral theory, 639; 
history of theory of, 514-525, 539-543; 
stimulant action of, 532 

Phagocytic crisis of Bordet, 314 ; ferments, 
549-558 ; function of neuroglia cells, 75 ; 
organs, 85, 150, 292, 293, 537 ; of cricket, , 
133 ; of Ascaris, 547 

Phagocytosis in osseous fishes, 135 ; in 
frogs," 137, 142; in fowl, 144, 282; in 
dog, 149, 151 ; in rat, 154, 157 ; in guinea- 
pig, 162, 163, 106, 170, 223 ; in horse, 
245, 313 ; in rabbit, 159, 167, 169, 233, 
239, 314; effect of removal of spleen on, 
150; agents that prevent, 170-173 («ce 
aho Opium) ; neutralisation of toxins not 
necessary for, 205, 289; and agglutina- 
tion, 202, 242, 245 ; ensures natural 
immunity, 206 ; action of opium on, 225, 
231, 236, 306, 307 ; action of rabbit's 
serum on, 231 ; in acquired immunity, 
220, 223-226, 245, 280-286, 295, 313; 
relation to fixatives in acquired immu- 
nity, 291, 295 ; in the immunity con- 
ferred by specific serums, 303-317 ; 
history of, and of the theory of phago- 
cytes, 514-525, 539-543; its application 
in surgery, 568 

Phagolvsis, 80, 99, 165 ; prevention of, 99, 
218, 219, 220, 230, 252, 304; its relation 
to extracellular destruction of l)acteria 
and Pi'eilTer's phenomenon, 218-220, 230, 
280, 295, 534 ; escape of cytases during, 
95. 99, 102, 191, 197, 252, 551-554, 560 

Philocytase, 91, 92 

I’hloridzin, its action on natural imnrunity, 
150 

Phyllirhoe, two modes of digestion in, 58 ; 
resorption by phagocytes of, 70 
See also Swine 

Pig, protection of, against tetanus, 493 

Pigeon, immunity of, against anthrax, 146 ; 
immunity of, against human tuberculous, 
147 ; immunity of, against influenza 
bacillus, 130, 564 ; its blood best culture 
medium for influenza bacillus, 130, 554; 
susceptible to swine erysipelas, 476 ; pro- 
tective power of serum of, immunised 
against anthrax, 276, 277, 288; vacci- 
nation of, against anthrax, 276, 277 


Pilocarpin augments production of anti- 
toxin, 380 

Firoplasma bigemirmm, 24V, 279 
Plague, bubonic, rapid immunisation by 
serum, 312 ; protective influence of broth 
against, 321 ; production of antitoxic 
serum by, 401 ; infection by, through 
the nasal cavity, 409, 411 ; vaccinations 
against, 486-492 ; scrum treatment in, 
490-492 ; immunity against, when ac- 
quired and duration, 488, 489 ; statistics 
on vaccinations against, 488; prophy- 
lactic treatment against, 491 ; Reports of 
German and English Commissions on, 489 
Planarians, digestion in, 49, 71, 82 
Plants, immunity in multicellular, 29-39 ; 
cicatrisation of, 34 ; and osmotic pres- 
sure, 39, SOGTravages of Sclerotinia 
amongst cultivated, 32 ; action of ma- 
nures on immunity of cultivated, 36 ; 
function of oxalic acid in, 37, 566 
Plasma, Geugou’s method of preparing, 
157, 190 

Plasmas. See also Body fluids, Serums 
Plasmas, presence of fixatives in, 103 ; 

bactericidal power of, 190, 543 
Plasmase (fibrin ferment), 95, 197, 550 
Plasmodia, intracellular digestion in, 30, 
545; chemiotaxis of, 30; adaptation of, 
to poisons, 30 

Pleuropneumonia, bacterium of, 3, 130, 478, 
509; vaccinations against, 477-479; action 
of serum from animals immunised against, 
479; vacc^inal methods used by savage 
races against, 506 

Pneumococcus, modified gr<»wtb of, in 
serums from immunised animals, 250, 262 ; 
vaccination against, 202; attenuated by 
serums from vaccinated animals, 287 ; 
agglutination of, 287 

Pneumo-enteritis of swine, cocco-bacillus 
of, 259; action of serum of vaccinated 
rabbits on bacillus of, 260, 266, 287, 532; 
acquired immunity against, 260, 275, 311, 
532 

Pneumonia, fibrinous, relapses separated 
by periods of immunity, 434 
Poisons. See aho Toxins 
l^isons, absorptioi#&f, by leucocytes, 393- 
400 • • 

Polyph/^us euglenae, 12 
PoVto attacked by Bacillus coli, 35 
Precipitins in the blood serum, 68, 106, 107 ; 

use of, in medico-legal investigations, 
^ 107, 568; and in the differentiation of 
, * various kinds of milk, 107, 568 
Predisposition or absence of immunity, 7 
Preventive substances of Bordet (syn. fixa- 
tives), 266 

Profetta, law of, 463 

Protective or anti-infective property. See 
aho Antitoxic, Antitoxins, Blood, Body 
fluids, Serums 



Protective property, origin of, in serums 
and other fluids, ‘201~*294; differs from 
agglutinativt, 26d, 2t>0, 2fl4; of blood and 
otiior fluids in convalescents, 437-444 
Protective action of normal serums, 317- 
320; of fats against toxins, 337; of leu- 
cocytes against poisons, 303-400; of flow 
of a fluid, 431 

Protective function of the skin, 404-407 ; in 
the respiratory channels, 411-414; of the 
cornea, 400 ; of the saliva, 415 ; of the 
intestine, 422 ; of the 4>ile, 424; of the 
liver, 427 ; of the lymphoid organs, 428 ; 
of the suiijprenal capsules, 431; in the 
urinary organs, 431 

I'rotective substance resistant to heat, 268 ; 
and .so distinguished from bactericidal 
substance, 268; (ffosely conjiected with 
fixative substance, 260, 294, 205, 561 
Protective vaccinations, 454-504 
Frotmin vulffarh, susceptibility of leucocytes 
to, 166, i71), 201, 282; eosinof^hile trans- 
formation in, 108; modified growth in 
certain serums, 250 

Protozoa, intracellular digestion in the, 13, 
30, 40; adaptation of, to saline solution.^, 
23, 515 ; and to physical conditions, 26 
Prussic acid, antidote to, 363 • 
Pseudo-diphtlieria bacilli, 414 
Pseudo-eosinophile leucocytes, secretion by, 
187, 512 

Pseudo-immunity or resistance, 320 
Pus, ferment in, 96 

Pyrogallic acid, it.s action oji natural im- 
munity, 150 

Babbit, immunity of, against anthrax 
bacillus, 159; against streptococci, 167, 
168; against tetanus bacillus, 169; agaimst 
cholera vibrio, 424; against pleuropneu- 
monia, 569 ; acquired inimunity of, 
against pyocyanic disease, 232; against 
swine erysipelas, 236-230, 527; against 
anthrax, 239, 323; agaimst streptococcus, 
243 247, 284-286, '312, 314; against 
2 >neumo-enteritjs, 260, 266, 275, 311, 
532 ; against pneurruicoccus, 262; against 
a staphylococcus,^ 206; against hog cho- 
lera, 290; agaitisw^ianouse Be2)ticacmia, 
• 500; phagocytosis in, 15^ 167, 169, 233, 
239, 314, 569; infection by streptococci in, 
283; action of serum of vaccinattj!?, on 
bacillus of pneumo-enteritis, 287; action 
of agglutinated pneumococci on, 287; 
vaccinated against hog cholera susceptible 
to its toxin, 290; immunised against an-v 
thrax by means of the erysipelas coccus, 
323; immunised against anthrax by pro- 
ducts of liaclllns pyocyativuSy 323; in- 
fection by anthrax prevented by Pried- 
lander^s bacillus, 323; brain of, very sus- 
ceptible to action of tetanus toxin, 383; 
reaction of, to atiopin, 395 


Rabies, action of anthrax bacillus on, 150; 
action of normal ox serum on, 365; action 
of bile on, 125; heredity of immunity 
against, 446 ; vift’ciuations again.st, 461- 
466; statistics of vaccinations agaiii.st, 
464-466; in domestic animals, vaecina- 
tic^s against, 466 

Rat||intmunity of, against anthrax laicillus, 
1 I 2 , 526; against liacillus, 

2 B 4 ; acquired imuiiinitf against Trypano- 
somata^ 247—219, 316; against anthrax, 
210; natural immunity of, against diph- 
thfria toxin, 201, 339; bactericidal fci- 
ment of phagocytes of, 20, 157 ; phago- 
cytosis in, 154, l5^ 

Receptors, 93, 120, 296; over-production of, 
121, 296, 562; antitoxic ami phiiotoxic 
functions of, 120; theory of, aec. Side- 
chain tlioory 

• Recurrent fever. See Spiiilla, Spirorluwte 
ohcrnieyerl 

Recurrent fever, transient acquired im- 
munity against, 434. 

Rennet, 109, 119 

Reptilia. See Alligator, Turtle, Snake, 
liizard 

Ropiilia, natural immunity of, against te- 
tanus toxin, 331-334 ^ 

Resistance to disease, 8-10. See Immunity, 
Pseud o-i m mu n i ty 

Resorption of micro-organisms, 46, 175 {see 
also Immunity , cel 1 ular, M icro-organisms); 
of the formed eknients, 47, 67-105; a true 
intracellular digestion, 85, 296; of cells 
in the In vertebra ta, 70; of red corpuscles 
by pliagocytes of tlu^ Vertebrata, 72, 80 
(see also PhagocytcB, PhagocytoBis) ; part 
played by inaciophages in (see Macro- 
phages); and digestion closely related, 
69, 85 ; of spernnitozoa, 84, 100 ; of 
white corpuscles, 84 (see also Leucocytes, 
Phagocytes); of albuminoid substances, 
106-127 ; of cells ami the phenomena in 
acquired innn unity, 296 
Resi)iratory idiannel.s, protection by the, 
411-414; absorption of poisons by the, 
414 

Rhinoceros beetle, natural immunity in 
larvae of, 132, 209, 320, 329; suscepti- 
bility to cholera vibrio, 40, 133 
Riciu, 344, 360, 446, 449 
Rinderpest, action of bile on, 425, 466; 
vaccinations against, 466-468; Kocli’s 
method of vaccination against, 466; 
Kolle and Turner’s method of “simul- 
taneoua vaccinations” against, 467 
Ring-worm, mechanical factor in, 4 
Robin (toxalbumin of Jiubinia pscndacacia), 
365 ; serum of animals vaccinated against, 
antitoxic, 365; heredity of immunity 
. against, 440 

Saccharomiyccs. See Yeasts * 



588 


Index 


Saline solution (pliysiolofrical) as a protec- 
tive tluid, 3*20, 365 

Saliva, microbicidal property of the, 415; 
antitoxic function of; on snake venom, 
417 ; psychic inhuonce on flow of, 62, 506 
Saponin, haeniolvtio action of, 389; and 
cholesterin, 389; and an lisaponic 'lower, 

aoo 

Sapmle(jnUt. See Fungi U 

Sarcinae as adjuvant organisms, 426 
Sarcinae, acidopliilo, 418 
Sclerotinia, pathogenic action of, 32 
Scolopendra, acquired iinmuuity in, against 
anthrax, 209 

Scor])ion, natural immunity of, rigainst 
tetanus toxin, 326; against its own 
poison, 327; anti venomous property of 
blood of, 328; sup))osed suicide of, 327 
Scor])ion serum, action of antivenomous 
serum on, 3(i5 

vScorpion venom, antitoxic action of cray- 
fish blood against, 36(> 

Scrofula in iuimuiiitv against tuberculosis, 
436 

SecrctioJi of bactericidal substance, theory 
of, 187-191, 533-537, 510, 512 
Sensil)iUsing substance of Bordet (fixative), 
91, 199, 298, 535, 537, 557 
Sensitiveness ' of plants to osmotic pres- 
sure, 37, 566 

Sopticacaiiia of goose. See SpiroclKtete an- 
serina 

Septicaemia of mouse. See Mou.se septi- 
caemia 

Septic vibrio, 170 

Serums. See also Blood, Body fluids, 
Humoral theory, Toxins 
Serums, haemolysis by, 83, 87-95 {see also 
Haemolysis); effect of injections of, 68; 
increasing haemolytic power of, 90; iso- 
toxic, 104; absorption of, 100 ; antibao- 
motoxic, 111, 112 ; haemolytic or hae- 
inotoxic, 111, 112; anticoagulating, 190; 
anticytase, 115, 371; antispermotoxic, 
116, 122-126; bactericidal properties of, 
184, 190, 191, 192, 193, 206, 211, 226, 233, 
238, 241, 243, 244, 260, 298, 554 ; influence 
of alkalinity or acidity on bactericidal 
action of, 196; agglutination of red blood 
corpuscles by, 258; agglutination of bac- 
teria by, 256-265, 380; protective power 
of, in tht3 immunised organism, 206-280, 
287, 293, 295, 532; differs from bacteri- 
cidal power, 208; and from agglutinative 
power, 268; and is not a measure of 
acquired immunity, 271, 274, 275; proi- 
tective, may be only feebly antitoxic, 
497; modified growth of bacteria in im- 
munised, 256, 259 {see also Agglutina- 
tion); resistance to heat of protective 
substance of, 268; fixatives in p^rotective, 
269, 438; their origin, 294; protective 
and fixative substances contras-ed, 269; 


redations of fixative and cytase in bac- 
tericidal action of, 298 ; stimulating action 
of, 270-274, 301, 308-320. 305; absence 
of protective power in specific, 270, 276- 
279; origin of protective power in, 291- 
294; theory of attenuation of micro- 
organisms by immune, 286-289; inactive 
specific, rendered active by addition of 
normal serum, 215, 268, 298, 302, 317; 
protective action of lieated normal serum, 
273, 318; protective action of iion-s})e- 
cific, against^ toxins, 365; from con- 
valescents, protective action of, 437-444; 
temporary immunity ag3"'nst iiiicro-or- 
ganisms conferred by specific, 301-317; 
conferred by normal, 317-320; conferred 
by fluids other than, 320-322 ; phagocy- 
tosis iu^dhe immunity conferred by spe- 
cific, 303 -306; influence of opium on 
immunisation by specific, 306; antive- 
nomous action of, 334, 338, 358, 36U, 361 ; 
antitoxic actioii of iion-sj)ocific and nor- 
mal, 365, 380; anti-arsenic, 390; anti- 
leucocidic, 359; antidiastatic, 361 ; testing 
and standardisation of antitoxic, 376, 
476, 496-498 

Sheath, protective. See Membrane 
Blieep, natural immunity of, against an- 
tl rax, 159, 289; acquired immunity of, 
against anthrax, 241-3, 289; bactericidal 
action of blood serum of, 241, 286; pro- 
tective power of serum of, immunised 
against anthrax, 276; immunised with 
blood from dog affected by a haematozooii, 
279; vaccination of, against sheep-pox, 
460; against rabies, 466; against anthrax, 
469; protection against tetanus in, 493; 
fate of anthrax bacilli in Algerian, 512 
Sheep-pox (la clavclce), heredity of immunity 
against, 452; vaccinations agaiiist, 460- 
461 

Side-chains or recei>tors, theory of, 120, 
381-384, 538, 557, 562-563; compared 
with theory of jihagocytes, 296-299, 538. 
558 

Silver, soluble salts of, absorbed by leu- 
cocytos, 4o0 

Skin, immunity of tlie>- 403-407; protective 
function of the, ; phagocytes in 

the defence of the, 407 
Snifill-po'A-, mortality from, in 18th century, 
454^; vaccinations against, 451-400; vac- 
cination with calf lymph, 456; with con- 
tents of pustule of cow-pox, 455; vac- 
cination stiitistics, 457-459 
Snail. See Helix pomatia 
Snake, natural immunity of, against snake 
venom, 333 

Snake venom, natural immunity of snakes 
against, 333 ; of hedgehog against, 337 ; 
of mongoose against, 339; artificial im- 
munity against, 345, 347; action of anti- 
venomous serum on, 358, 300, 361; of 



Index 


589 


otlier specific semms on, 365; of cerebral 
substance on, 3B6; protective substances 
against, 38'A action of saliva on, 417 ; 
action of bile on, 425 ; vaccination methods 
of savage races against, 506 
Spermatozoa, resorption of, 84, 100; action 
of sperniotoxin on, 101, 116, 125 
Spermotoxin, 101, 116, 125 
Spiders, natural immunity of, against 
tctaiiiie toxin, 326 

Spirilla, natural immunity against, 159; 
acquired immunity against, 227-230, 434; 
living in stomach of dog, 177; acidophile, 
418 • 

Spirochne.te anserina, 160 
Spirachaete obenneycri, 160; acquired im- 
munity against, 22jp230; Pfeiil’er’s phe- 
nomenon in, 229 # 

Spleen, function of, 62, 85; action of 
extract of, on tetanus toxin, 365; effect • 
of removal of, 150, 203 ; as source of 
fixative substance, 295, 537 
Spleen and other haematopoietic organs as 
source of protective substance, 292-294; 
as sour<?e of agglutinins, 264 ; are phago- 
cjdic organa, 85, 150, 202 
Sponges, digestion of, 69, 517 
Staining reactions of cells and micro-or- 
ganisms, 13, 77, 83, 181, 183, 198, 213 
Standar<lisatiou of antidiphthcria serums, 
376, 496-498; Ehrlich’s method, 490; 
Pasteur Institute method, 490-497 
Staphylococcus, acquired immunity against, 
266," 532; itrotective actipn of normal 
scriim against, 319 

Staph f/hn’oci'tis pijotjanes in vagina, 430 
Stellate cells of KuptTer, 75 
Stimulant action. See alw Body fluids, 
Protective 

Stimulant action of scrums, 270-274, 301, 
308-320, 365; of phagocytes, 532; of 
nonual fluids of the body, 559 
Stimulins and their action in serums, 270 - 
274 

Stohr’s phenomenon, 429 
Stomach, acidophile microbian flora of, 
418 

Streptococci, protective sheath formedjby, 

^ 22; inuuunity against, 165, 179, 282, 
284-286; phagocytosis ^ in immunity 
against, 245, 313; acquired ‘^mmynity 
against, 243-247, 313; agglutination by 
serum of, 244, 245; reaction of animal 
organism against, 245-247; antitoxin 
against, 205 ; and phagocytosis, 283; 
action of specific serums on, 287, 288^ 
312; protective action of various fluids 
against, 320, 321 

Streptococcic serum, action of, on leuco- 
cidiri, 350 

Stnrin, bactericidal action of, 183 
Suprarenal capsules, protective function 
of, 431 


Susceptibilitv. Sec a.h<o Cheiniotaxi^!, TTypor- 
susceptibility, Irritahility, Sensitivtmess 
SuRceptibility of iniimiuised animals to 
the spocilic toxii?, 289 ; of frogs to tetanus 
toxin, 330; diminution of, iuiminuiused 
animals, 374-376 ; in immunity, the part 
phj^ed by, 565; celluliir, a gfniorai pro- 
puttj^of living beings, 565-566 
SwJe. See Pig, Pneumo-enteiitis 
Swine erysipelas, acquirodhnmunity against, 
236-239,254,283, 527; agglutimitioii of 
bacilli of, 262 ; specific scrum of, will 
noT prevent infection, 270; phagocytosis 
in, 283; action of immune serums on 
bacillus of, 288, 28*; protectivo action of 
specific serum against, 307; method of 
testing strength of serums against, 176; 
vaccinations against, 473-477; Pasteur’s 
method, 473; Lorenz’s method, 475; 
“serum-vaccinations” method, 475; vac- 
cines against, 2<)8, 473, 509 
Swine plague, 259, 260 
Synajyfay 518 

Syphilis, immunity in, 435; and general 
progressive paralysis, 435; law of Pro- 
fetta in immunity against, 453; law of 
Baumes-Colles in, 436; transmission of. 


Tears, microbicidal function of the, 408 
Testing of scrums. See Standardisation 
Tetanolysin of Ehrlich, 349 
Tel anospasmiti, 362 

Tetanus, immunisation against, .344, 347, 
492-495; cerebral, in rabbit, 383, 391; 
difference between antitoxic action of 
living brain and that of cerebral emul- 
sion on, 383; in fowl, 384; no antitetanic 
power in .seriini of convalescents, 443; 
vaccinations against, 492-195; vaccines 
agaiust, 493; })rotective serum treatment 
against, 493-405 

Tetanus antitoxin, hypothosis of nervous 
origin of, 381-385; nature of, 355; mode 
of action on toxin, 357, 381; of nerve 
centres locally restricted in its action, 382 
Tetanus bacillus, natural immunity against, 
169, 204 

Tetanus toxin, natural immunity of spiders 
and scorpions against, 326; of larvae of 
Onjcten and of cricket against, 329; of 
frog against, 330; of reptiles against, 
331-334; of fowl against, 335; of hiber- 
nating animals against, 339; attenuation 
of, 344 ; localisation of, in vascular organs, 
, 336; brain of rabbit very suKce*ptiblo to 
action of, 383; fixation of, by subwstance 
of nerve centres, 382; by certain parts of 
brain and cord, 386, 391 ; by other cells, 
394, 392; action of emulsions of frog’s 
brain ♦on, 386; fixation of, by carmine, 
388, 394 ; absorjUion of, by leucocytes, 
3y3-3il5; action of extract of spleen on, 
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305; toxone (tetanolj'sin) of, 349, 302; 
local reaction to, in horse, 352 ; heredity 
of immunity against, ^46, 448, 450 
Texas fever, acquired iminunity of liovidae 
against, 247, 279 ; attenuation of parasite 
of, in the tick, 247 ; haenuitozoon ip dog 
closely allied to that of, 279 vv 

Thrtys,'r>n ^ 

Thymus gland, immunising power of, 293 
Tick, attenuation 'of parasite of Texas ifevcr 
in, 247 

Tonsils, protective function of, 428 ^ 
Torulae as adjuvant organisms, 426 
Toxins, immunity against, 10; iminunity 
of unicellulMr organisms against, 19; 
adaptation of bacteria to, 21-27; of yeasts 
to, 20, 26; of plasmodia to, 30; action of, 
on Infusoria, 19, 326; composition of, 
120; neutralisation of, not necessary for 
phagocytosis, 205, 289; immunity against 
micro-organism not same as against 
toxin, 251, 290; protective fixation of, by 
nerve elements and other cells, 386-400; 
methods of immunisation by modified 
and unmodified, 315-347 (s^ee Immunisa- 
tion); local reaction in immunisation 
against, 352 ; action of normal serums 
on, 365; of n;m-Bpccifio serums on, 365; 
protective action of fats against, 387 ; 
leucocytic reaction against, 393-400; 
absorption of, by the conjunctiva, 409; 
by the respiratory channels, 414; de- 
struction of, hy the intestinal organisms, 
427; attenuation of, 344; natural im- 
munity against, 325- 341; artificial im- 
munity against, 3J2-402; against bac- 
terial, 343; against vegetable, 344, 36f5; 
heredity of immunity in phanerogamic, 
446, 419 ; suscci>tibility of nerve centres 
to, 564 

Toxoids, 349 also Toxophore); im- 

munisation bjs 350 

Toxones, 349, 362; method of immunisa- 
tion by, 319 

Toxophore atomic group in toxin ( = toxoid), 
120, 350, 384 

Trichinae i mechanical action of, 3 
Tristeza (syn. Texas fever), 247 
Tropidonotiis. See Snake 
'Trypanosoma^ 4, 129, 147; briiceit 9; 
iewisi, 173, 248 

Trypanosomata ^ fate of, in refractory animal, 
173; acquired immunity against, 247- 
249, 316; and agglutinativo power, 278 
Trypsin, antitoxic power of, 424 
Tsetse fiy, 4, 9, 129, 247 
Tubercle bacillus, formation of sheath by, 
22, 183 

Tuberculin as a protective substance against 
cholera vibrio, 320 

Tuberculosis, mechanical etiological factors 
in, 4 

Tuberculosis, bacillus of, 22, 42, 143; avian, 


41, 148, 149, 1S2; human, ^immunity of 
pigeon against, 147 ; acquired immunity 
in, 436; after scrofula, ‘ 436; Koch’s 
phenomenon in, 437 

Tumours, maligns nt, probability of dis- 
covery of parasite of, 3; use of erysipelas 
streptococcus in, 434 

Turtle, natural immunity of, against tetanus 
toxin, 332, 386 

Typhoid, protective power of serum of con- 
valescents from, 437-440; its agglutina- 
tive power, 439; serum diagnosis of, 256, 
257, 261, 439; immunity against, not 
acquired by suckling, 450p<!vaccination3 
against, 479, 481-486; Wright’s vaccine 
against, 482 ; bactericidal power of serum 
from persons imnpmised against, 483; 
statistics* ‘of vaccinations against, 483- 
485 

Typhoid bacillus, 23, 143, 191, 198, 203; 
acquired immunity £igainst, 230; at- 
tenuated Pfeiffer’s phenomenon in, 230, 
303, 304; agglutination of, 260, 261, 
380, 439; resistance to agglutinated, 203 ; 
protective action of serums against, 272- 
274, 293, 317, 319; origin of protective 
substance against, 202; of agglutinative 
proixu'ty against, 294; protective action 
of various fiuids against, 320; passes un- 
injurtai tlirough stomach, 418; trans- 
mission by suckling, of agglutinative 
power against, 450 

Typhoid infection, experimental, in labora- 
tory animak, 230, 267; influence of 
anticytase serum on, 371; uncertainty of, 
by ingestion, 423 

Typhoid septicaemia, experimental, here- 
dity of imnuuiifcy against, 447 

Tyiosin, protective action of, 387 

Unicellular organisms, iminunity in, 11-28; 
infective diseases of, 12; irritability of, 
27; adaptation of, to saline solutions, 23, 
515 

Unit, Ehrlich’s immunising, 373, 406 

Urinary ferments, 66 

Urinary organs, protective function in, 431 

Urkiie as a protective 320, 431 ; pepsin 
in the, 65 ; amyla^ in the, 65 

Vaccination. See also Immunisation 

Vaccinations, protective, 208, 241, 267, 
454-504, 507 ; with attenuated micro- 
organisms, 509 

Vaccine against fowl cholera, 208 

Vaccines against anthrax, 208, 470, 509; 
against swine erysipelas, 208, 473, 509 ; 
against rabies, 208, 462, 463-464; against 
symptomatic anthrax, 471 ; against small- 
pox, 455-457, 507; against pleuropneu- 
monia, 477; against cholera, 481; against 
plague, 487, 489, 490; against tetanus, 
493 
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Vaccinia, supposed mtero-organism of, 455- 
456 • 

Vagina, autopdiification of, 429 
Variolisation, early use of, 455, 507 
Venom. ^e,e Snake venom 
Ver hlanCf syn. cockchafer larva 
Vibrio. See also Cholera vibrio, Massowali 
vibrio, Septic vibrio 

Vibrios, acquired immunity against, 211- 
227 ; phagocytosis in immunity against, 
220, 223-226; granular transformation of, 
164, 165, 192, 212-22# {see Pfeiffer’s 
phenomenon) ; bacteriolysis (agglutina- 
tion) of, 2^^; susceptibility of animals 
vaccinated against, to the toxins, 290 
Vibrio metchnikoiny acquirr’d immunity 
against, 211, 226, 527, 531; modiffed 
growth of, in seruSia from ^’lUrauniscd 
animals, 156, 262; action of, grown in 
•serum of vaccinated animals, 287; perishes 
in intestine of dog, 422; action of micro- 
cytase on, in hypervaccinated guinea- 
pigs, 553 

Viper. See Snake, Snake venom 
Viruses, attenuated, 208, 508; vaccination 
with, whose nature is as yet unknown. 


See Small pox, Sheep-pox, Babies, Bin- 
derpest 

Vitellus of egg of immunised fowl, tetanus 
antitoxin pi esent^n, 356; immunity con- 
ferred by, 449 

Warlffcont’s calf lymjdi vaccine, 456 

Weby-l^eclmer, law of, 27, 38, 506 

WillMn’s method of vaccination against 
plliiropiieumonia, 477; Pasteur’s moditi- 
cation of, 477 

Wright’s method of vaccination against 
typnoid, 482; method of testing bacteri- 
cida^power of body fluids, 183 

Yeast-cells, adaptation of, to poisons, 20, 
26; to milk-sugar, 26; destruction of 
injected, by phagoc.ytes, 172; Curtis’s 
pathogenic, 172; endotrypsin of, 197; 
* antodigestion in, 197; soluble ferments 
of, 253 

Yeasts, diseases due to, 2 

Y^olk. See Vitellus 

J2ymase, 197, 550 


cambbidgb: pbinted by joun cuay, m.a. at the university press. 









